GCSE Biology 


For AQA (Grade 9-1) 


The Revision Guide 


What to Expect in the Exams 


Before you get cracking with your revision, here's a handy guide to what youll have to face in the exams 
— and the special features of this book that we've included especially to help you, You're welcome. 


® Topics are Covered in Different Papers 


For GCSE Biology, youl sit two.exam Paper] | Tiel | Nov oF ark Tope Aasessed 
papers at the end of your course, mB PEt he 46 ing 100 1s anda 


2_| 1 he 45 mins 100 5,6 and 7 


cps of biology in both papers. = 


® There are Different Question Types 


In each exam, you'll be expected to answer a mixture of multiple choice questions, structured questions, 
questions that have short, closed answers as well as open response questions 


For some open response questions, you'll be Always make sure: 
+ You answer the question fully 


marked on the overall quality of your answer 
nat ats sini cntent, Sou PF) cise deta. evant information 


+ Your answer is clear and has a log 


@© You'll be Tested on your Maths... 


least 10% of the total marks f i 
At least 1¢ for GCSE Biology Look out for these wrked examales i this book 
will come from questions that test your maths skills = they show you maths sls youll need in Uhe exam. 


For these questions, always remember to 


+ Show your working — you could get marks for this, even if your final answer's wrong 
+ Check that the units of your answer are the same as the ones they asked for in the question 


+ Make sure your answer is given to an appropriate number of significant figures 


@ and on your Practical Skills 

+ GCSE Biology contains 10 required practical activities that you'll do during the course. 
Whenever ane of the requined 
idan You can be asked about these, and the practical skills involved in them, in the exams 
this book, e's marked up like «At least 15% of the total marks will be for questions that test your 


bas understanding of the practical activities and practical skills 
+ For example, you might be asked to comment on the design of an experiment 
and theresa whole section on (the apparatus and method), make predictions, analyse or interpret. results. 


Fractal Skil on pages 126-130, Pretty much anything to do with planning and carrying out the investigations. 


® You'll need to know about Working Scientifically 
Working Scientifically is all about how science is applied in the outside world by real scientists 


Working Sclentitcaly = 
<2 on pages 110 


For example, you might be asked about ways that scientists communicate an idea to get 
their point across without being biased, or about the limitations of a scientific theory 


You need to thi 
Always read the question and any data you've been given really carefully before you start writing your answer 


about the siwation that you've been given and use all your scientific samy to answer the question 


Get organ-ised for Biology with CGP... 


There's a lot to learn in GCSE Biology, that's for sure, Luckily, this CGP book 
explains the facts, theory and practical skills you'll need — with practice 
questions on each page to test you on what you've learned, 


CGP — still the best! © 


Our sole aim here at CGP is to produce the highest quality books — 
carefully written, immaculately presented and dangerously close to being funny. 


Then we work our socks off to get them out to you 
— at the cheapest possible prices. 
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Working Scientifically 1 
The Scientific Method 


This section isn't about how to 'do' science — but it does show you the way most scientists wark. 
Scientists Come Up With Hypotheses — Then Test Them 


)) 


2) They then come up with a hupothesie — a possible explanation for what they've observed. 


3) 


Several Scientists Will Test a Hypothesis | 


» 
2) 


3) 


4 


Scientists try to explain things. They start by observing something they don't understand. 


The next step is to Jest whether the hypothesis might be right or not. This involves 
making @ prediction based on the hypothesis and testing it by gathering evidence 
(i.e. data) from investigations. If evidence from experiments backs up 
you're a step closer to figuring out if the hypothesis in true. 


auned ines 


sure they're ‘scientific’ (0.g. that experiments have been do insiblo way) 
before they're published, 11 helps to doteot falae claims, but it doesn't mean that 


Normally, scientists share their findings in peer-reviewed journals, or at conferences. 
Peor-review is where other soientiste check results and scientific explanations to make & 


findings are correct — juet that they're not wrong in any obvious way. 
Once other scientists have found out about a hypothosis, they'll start basing their Then we thought & was 
‘own predictions on it and carry out thelr own experiments. They'll also try to used by Wad Dood (and 


‘the original experiments to check the results — and if all the experiments “ weated th ee) 
in the world back up the hypothesis, then scientists start to think the hypothesis Is true. 
However, if scientist does an experiment that doesn't fit with the hypothesis (und other scientists 
can reproduce the results) then the hypothesis may need to be modified or sorapped altogether. 


If All the Evidence Supports a Hypothesis, It's Accepted — For Now 


)) 


2) 


Theories Can Involve Different Types of Models 


Accepted hypotheses are offen referred to as theories. Our ourrently & 
‘cepted theories are the ones that have survived this ‘trial by evidence’ a} 
— they've been fosted many times over the years and survived. is | 


However, theories never become totally indisputable faot. If new evidence comes 
along that can't be explained using the existing theory, then the hypothesising and 
testing is likely to gtart all over again. N 


» 


2) 


3) 


A representational model is a simplified description or picture of what's 
going on in real life. Like all models, it can be used to 

‘and make predictions. E.g. the lock and key model of enzyme action 
is a simplified way of showing how enzymes work (see p.28). It can 
be used to explain why enzymes only catalyse particular reactions. 
Computational models use computers to make simulations of complex real-life processes, such as 
‘climate change. They're used when there are a lot of different variables (factors that change) to 
consider, and because you can easily change their design to take into account new data. 

All models have limitations on what they can explain or predict. Climate change models have several 
limitations — for example, it's hard to take into account all the biological and chemical processes that 
influence climate. It can also be difficult to include regional variations in climate. 


I’m off to the zoo to test my hippo-thesis... 


The scientific method has been developed over time, and many people have helped to develop it. From Aristotle 
to modern day scientists, lots of people have contributed, And many more are likely to contribute in the future. 
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2 
Communication & Issues Created by Science 


Scientific developments can be great, but they can sometimes raise more questions than they answer... 
It’s Important to Communicate Scientific Discoveries to the General Public 


Some scientific discoveries show that people should change their habits, or they might provide ideas that 
could be developed into new technology. 80 scientists need to tell the world about their discoveries. 


Gene technologies are used in genetic engineering to produce genetically modified crops. Information 
stout ‘these crops needs to be communicated to tales who might benefit from growing them and to 
, 60 they can make informed decisions about the food they buy and eat. 


Scientific Evidence can be Presented in a Biased Way | 


1) Reports about scientific discoveries in the media (0.8. newspapers or television) aren't peer-reviewod. 
2) This means that, even though news stories are often haved on data that has been peer-reviewed, the data 
might be presented in a way that is over-simplified oF insoourate, making it open to misinterpretation. 


3) People who want to make a point can sometimes present data in a biased way. (Sometimes without knowing 
they're doing it.) For example, a scientist might overemphasise a relationship in the data, or a newspaper 
article might desoribe details of data eupporting an idea without giving any evidence against it. 


Scientific Developments are Great, but they can Raise Issu 
Soientific knowledge i inoreased by doing experiments. And this knowledge leads to goientific developments, 
. new technologies or new advice. These developmonts oan oreate iasuen though. For example: 
Economic lanver: Booiety can't always — Gocial iaguea: Decisions based on aoientifio evidence 

afford to do things scientists recommend —_affect people — e.g. should alcohol be banned 

(0.8. investing in alternative energy (to provent health problems)? Would the affect on 

sources) without cutting back elsewhere. people's lifestyles be acceptoble...? 

Personal issues: Some decisions will affect Environmental neuen: Human sotivity often affects the 


beeryh For example, someone might natural environment } genetically modified crops may 
port alternative energy, but object fa help us to produce more food — but some people think 
pap is built next to their house, they could cause environmental problems (see p.99). 


Science Can’t Answer Every Question — Especially Ethical Ones 


1) We don't understand everything. We're always finding out more, but we'll never know all the answers. 
2) In order to answer scientific questions, svientists need data to provide evidence for their hypotheses. 
8) Some questions can't be answered yet because the data can't currently be collected, 
‘or because there's not enough data to support a theory. 
4) Eventually, as we get more evidence, we'll answer some of the questions that currently can't be 
answered, e.g. what the impact of global warming on sea levels will be. But there will always be the 
"Should we be doing this at all?"-type questions that experiments can't help us to answer. 


Think about new drugs which can be taken to boost your ‘brain power’. a 

* Some people think they're good as they could improve concentration or memory. = se 
New drugs could let people think in ways beyond the powers of normal brains. a) 

* Other people cay they're bad — they could give you an unfair advantage in exams. And people ~’ 
might be pressured into taking them so that they could work more - 


Tea to milk or milk to tea? — Totally unanswerable by science... 


Science can’t tell you whether oF not you should do something. ‘That's for you and society to decide. But there are 
tons of questions science might be able to answer, like where life came from and where my superhero socks are, 
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By reading thic page you are agreeing to the tick of a paper out or severe drowsiness... 


_ Nothing is Completely Risk-Free | 


1) Abazard is something that could potentially cause harm. 

2) All hazards have a risk attached to thom — thie is the chanoe that the hazard will cause harm. 

8) The ricks of some things seem pretty obvious, or we've known about them for a while, like the risk of 
causing gold rain by polluting the atmosphere, or of having a car accident when you're travelling in a car. 

4) New technology arising from scientific advances can bring new risks, e.g. scientists are unsure whether 
nanoparticles that are being used in cosmetics and suncream might be harming the cells in our bodies. 
These ricke need to be considered alongaide the benefits of the technology, ¢.g. improved sun protection. 

5) You can estimate the size of a risk based on how many times something happens in a big sample (e.g. 
100000 people) over a given pariod (0.g. a your). For example, you could asseas the risk of a driver 
crashing by recording how many people in a group of 100000 drivers crashed their cars over a 

6) To make decisions about activities that involve hazards, we need to take into account the chance of 
the hazard causing harm, and how serious the consequences would be if it did. If an activity involves a 
hazard that'e var ky 1 to cause harm, with gatious consequences if it does, it's considered high risk. 


1) Not all ricke have the same consequence, 
fingor, but if you go souba-diving you rick 


to accept a higher probability of an accident if the consequences are short-lived and fairly cinor. 
2) People tend to be more willing to accept a risk if thoy chooue to do something (0.g. go scuba diving), 


‘compared to having the risk imposed on them (0.g. having a nuclear power station built next door). 

8) People’s perception of risk (how risky they think something is) isn't always goourate. They tend to 
view familiar activities as low-risk and unfamiliar activities as high-risk — even if that's not the case. 
For example, cycling on roads is often high-risk, but many people are happy to do it because it's a 
familiar activity. Air travel is actually pretty safe, but a lot of people perceive it as high-risk. 

4) People may over-estimate the rick of things with long-term oF invisible effects, e.g. ionising radiation, 


Investigations Can be Hazardous — 

1). Hazards from science experiments might include: 
‘Microorganiems, e.g. some bacteria ean make you ill. 
+ Chemicals, e.g. sulfuric acid can burn your skin and alcohols catch fire easily. 
+ Fire, e.g. an unattended Bunsen burner is a fire hazard. 

+ _Eleotrcity, 0.8, faulty electrical equipment could give you a shook. 

2) Part of planning an investigation is making sure that it's safe. 

8) You chould always make cure that you identify all the hazards that you might encounter. Then you should 
think of ways of reducing the risks from the hazards you've identified. For example: 

H you're working with sulfurio acid, always wear gloves and safety goggles. Thie will reduce 

the risk of the acid coming into contact with your skin and eye: 


+ you're using a stand it on @ heat proof mat. 
This will reduce the risk of sta fire. 


feel eearch o aking your tech 


Not revising — an unacceptable exam hazard... 


‘The world’s a dangerous place, but if you can recognise hazards, decide how to reduce their risks, and be happy to 
accept some risks, you can still have fun, Just maybe don’t go skydiving with a great white shark on Priday 13th. 


Working Scientifically 


4 


Designing Investigations 


Dig out your lab coat and dust down your badly-soratched safely gogg! investigation time. 
Investigations Produce Evidence to. Support or Disprove a Hypothesis | | 


1) Scientists observe things and come up with hypotheses to explain them (see p.1). 
You need to be able to do the same. For example: 


[Observations People have big feet and spots. Hypothasia: Having big feet causes spots, 


2) To determine whether or not a hypothesis i right, you need to do an investigation to gather 
‘evidence. To do this, you need to use your hypothesis to make a prediction — something you 
think will happen that you oan test. E.g. people who have bigger feet will have more spots. 

8) Investigations are used to s0e if there are patterns or relationships between two variables, 
‘800 if there's a pattern or rolationship betwoon tho varinbles ‘number of apota' and ‘size of 


Evidence Needs to be Repeatable, Reproducible and Valid | 
1) Repeatable means that if the same person does an sepatinent again using 
the same methods and equipment, they'll get 
2) Reproducible means that if someone else dows the attend: or a different 
method or piece of equipment is used, tho results will still be similar. 
8) If data ie repentable and reproducible, it's reliable and scientists are more likely to have confidence in it. 


4) Valid results are both repeatable and reproducible AND they 
They come from experiments that were designed to be a FAIR TEST... 


To Make an Investigation a Fair Test You Have to Control the Variables 


1) Ina lab experiment you usually change one variable and measure how it affects another variable. 
2) To moke it a fair test, everything else that could affect the results should stay the same 
— otherwise you can't tell if the thing you're changing is causing the reaults or not. 


8) The variable you CHANGE is called the INDEPENDENT variable. 
4) The variable you MEASURE when you change the independent variable is the DEPENDENT variable. 
5) The variables that you KEEP THE SAME ore called CONTROL variables. 


Ee ee eumem ea ore pe pe ae ane The independent 
variable is the temperature. The dependent variable is the rate of reaction. 
include the concentration and amounts of reactants, pH, the time period you measure, eto. 


G) Because you can't always control all the variables, you often need to use a control experiment. This is 
‘an experiment that's kept under the game conditions as the rest of the investigation, but doesn't have 
anything done to it. This is 60 that you can see what happens when you don't change anything at all. 


The Bigger the Sample Size the Better | 


1) Data based on small samples isn’t as good as data based on large samples. A sample should 
the whole population (ie. it should share as many of the characteristics in the population as possible) — 
‘4 small sample can’t do thet as well. It's also harder fo spot anomalies if your sample size is too small. 
2) The bigger the sample size the better, but scientists have to be realistic when choosing how big. 
For example, if you were studying how lifestyle affects people's weight it'd be great to study everyone 
in the UK (a huge sample), but it'd take ages and cost a bomb. It's more realistic to study a thousand 
people, with a mixture of agec, gender and race, 


This is no high street survey — it’s a designer investigation... 
Not only do you need to be able to plan your own investigations, you should also be able to look at someone els 
plan and decide whether or not it needs improving. Those examiners aren’t half demanding. 
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Collecting Data 
You've designed the perfect investigation — now it's time to get your hands mucky and gollect some data. 
_Your Data Should be Repeatable, Reproducible, Accurate and Precise 
1) To check repeatability you need to repeat the readings and check that the results are similar. 


You need to repeat each reading at least three times. 

2) To make sure your results are reproducible you can oross check them by faking a 
second set of readings with another instrument (or @ different observer). 

8) Your data also needs to be ACCURATE. Really acourate results are those 
that are renlly clone to the true answer. The acouraoy of your results us 


lly 


depends on your method — you need to make sure you're measuring the | Rapes! 

right thing and that you don't miss anything that should be included in the i » = 

measurements. E.g. estimating the amount of gas released from a reaction £ cs 2. 

by isn't very accurate because you might mise some of |_& ud iJ 

the bubbl t volumes. It's more accurate to CH eet ci 
18 releaned using a gus ayringe. Deas wt mae pie 


4) Your data also noods fo be PRECISE. Precice results are onee whore the data is all 
aul clone 10 the moon (average) of your repeated results (i.e. not spread out). a 


Your Equipment has to be Right for the Job 


1) Tho measuring equipment you use has to be wensitive enough to measure the changes you're looking for. 
For example, if you need to measure changes of | om" you need to use a measuring oylinder that ean 
measure in 1 om® steps — it'd be no good trying with one that only measures in 10 om steps. 

2) The omalloat change a measuring instrument can dotoot is called ite RESOLUTION. E.g. some mass balances 
have a resolution of Ig, some have a resolution of 0.1 g, and some are even more sensitive. 

3) Me, equipment needs to be calibrated by monsuring a known value. If there's a difference between 

and known value, you can use this to correct the inaccuracy of the equipment. 


a — to Look out for Errors and Anomalous Results 


1) Tho results of your experiment will always vary » bil because of RANDOM ERRORG — unpredictable 
differences caused by things like human errors in monsuring, E.g. the errors you make when reading 
from a measuring oylindor are random. You have to estimate or round the level when it's betwoen two 
marks — co sometimes your figure will be a bit above the real one, and sometimes it will be a bit below. 

2) You can reduce the effect of random errors by taking ropen! readings 
and finding the ineon. This will make your results more precise 

3) If.a measurement is wrong by the same pinouin! every time, i's called 

a SYSTEMATIC ERROR. For example, If you measured from the very rial 

end of your ruler instead of from the O om mark every time, all your measurements would be a bit small. 

Repeating the experiment in the exact came way and caloulating a mean won't correct a systematic error. 

Just to make things more complicated, if a systematic error is caused by using 

‘equipment thet jan't zeroed properly, We ealled a ZERO ERROR. For example, 

slways reads 1 gram before you put anything on it, all your measurements will be 1 gram too heavy. 

5) You can compensate for some systematic errors if you know about them though, e.g. if your mass 
balance always reads 1 gram before you put anything on it you can cubtract I gram from all your results. 

6) Sometimes you get a result that doesn't fil in with the rest at all. This is called an ANOMALOUS RESULT. 
You should investigate if and fry to work ou! what happened. If you can work out what happened 
(e.g. you measured something totally wrong) you can ignore it when processing your results. 


4) 


Watch what you say to that mass balance — it’s very sensitive... 


Weiruly, data can be really precise but not very accurate. For example, a fancy piece of lab equipment might give 
results that are really precise, but if it’s not been calibrated properly those results won't be accurate 
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Processing and Presenting Data | 


Processing your data means doing some calculations with it to make it more useful. Once you've done 
that, you can present your results in a nice chart or graph to help you spot any patterns in your data. 


_ Data Needs to be Organised | 


ro doad useful for organising data. When you draw a table use @ ruler 
te make sure each column has a heading (including the unite). 


You Might Have to Process Your Data | 


1) When you've done repeats of an experiment you should always calculate the moan (a type of average). 
To do thie add together all the data values and divide by the total number of values in the sample. 

2) You might also need to calculate the range (how spread out the data is). 
To-do thie find the landent number and sabtran the amaleat number from tt. <a “"tuicche” 2 


alevlating thee = 
TURE He rests of neoprene to fd th volume of, Arete on 
raymecontrol 


roduced in 
led reaction are shown Cateulate't ‘the mean volun and the range. 


Loe fay 2 28 + 37+ 32) + 30 32 [37-289 | 


8) You might also need to calculate the median or mode (two more types of average). 
To calculate the median, put all your data in pumerionl order — the median is the 
niddle value. The number that appears most often in a data sot is the mode. 

E.g. If you have the data cot: 1211 42 
The medion in: 111 2 2 8 4. The mode ie | because 1 appears most often. 


Round to the Lowest Number of Significant Figures 
The fire! significant figure of a number in the first digit that's not zero. The second and third significant 
figures como atraight after (even if they're zeros). You should be aware of significant figures in caloulations. 


1) In any calculation, you should round the answer to the lowest number of significant figures (8.f.) given. 
2) Remember to write down how many significant figures you've rounded to after your answer. 
8) If your caloulation has multiple steps, only round the final answer, or it won't be as accurate, 


A plant produces 10.2 cm of oxygen in 65 minutes whilst photosynthesising, 


Calculate the rate of photosynthesis. 
rate = 10.2 em! + 65 min = 1.5692...= 1.6 em'/min (2 s£) anes 
3 2s 


If Your Data Comes in Categories, Present It in a Bar Chart | 


1) If the independent variable is categoric (comes in distinot categories, 
e.g. flower colour, blood group) you should use a bar chart to display the data. 


2) You also use them if the independent variable is digorete (the data can be counted in chunks, where there's 
no in-between value, e.g. number of bacteria is discrete because you can't have half a bacterium). 


3) There are some golden rules you need to follow for drawing bar charts: 


eat (here should 


Joe. Creu Sean Frogesrland and Broccobland 


Froggrtand 
erecta 


Draw it nice and big 
least half ofthe gr 


Leave a gap betaeen diferent categories, 
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| IfYour Data is Continuous, Plot a Graph 


If both variables are continuous (numerical date that can have any value within a range, 
e.g. length, volume, temperature) you should use a graph to display the data. 


Here are the rules for plotting points on a graph: 


Tephivons TT ely 
Use the biggest data foutscy water 

sales ene gc 2-1 Graph to Show Rate of pend nd eke in . 
Salle ur 2% | Eneyme-sontaed dts tor Nt 

me Her the het te ap | Resatlon Agalnat (der do Bobs) rien. 


creations Dah so 
A enahes sere (0 label the you're athe ta draw a ling (or curve) of. 


ha w+ tm oo 


Draw a nice and big 


least hal of the gral 


1) The he at (slope) of a graph tells you how 
quickly the dependent variable changes if you 
ees the independent variable. ——————— >> 


tho 7 
The grech naar (W's eiaght ne graph), to you can simply 
caloulate the gradient of the line to find out the rate of reaction. —_ 
1) To caloulate the gradient, pick fwo points on the line 
‘that are easy to read and a good distance apart, 
2) Draw a line down from one of the points and a 
other to make a triangle. The he rary down theese he hen 
is the change in y and the line across the bottom is the change in x. 
Change in y = eaEeoe 4.8 om" Chango inx = 6,2-1.6 = 8.6 6 
e in ” 
Rate = gradient = oes = 48am = Liantla or 


‘The units ofthe gradient are (units of y/units oF»), ems can also be written as cms 


2) The interoopt of a graph is whore the line of best fit crosses one of the axes. The x-interoept is 
where the line of best fit crossen the x-axis and the y-intercept is where it crosses the y-axis. 


Graphs Show the Relationship Between Two Variables 

1) You can get three types of correlation . 
(relationship) between variables: —— >» 7 

2) Just because there's correlation, ds 
it doesn't mean the change in one _ 
variable is causing the change in POSITIVE correlation: 


INVERSE (negative) corelation: NOcomton 
the other — there might be sonvisMeniens © Ssunvwublehomad alsin trees 
the other eases the other decrees the two varabies 


Ilove eating apples — I call it core elation... 


Science is all about finding relationships between things. And I don't mean that chemists gather together in 
comers to discuss whether or not Devini and Sebastian might be a couple... though they probably do that too. 


Working Scientifically 


Units and Equations 
Graphe and maths skills are all very well, but the numbers don't mean much if you can't get the unite right. 


SI Units Are Used All Round the World — 


1) Hf wouldn't be all that useful if | defined volume in terms of bath tubs, 
you defined it in ferme of ege-oups and my pal Sarwat defined it in 
terms of balloons — we'd never be able to compare our data. 


mass elogram, ba 


2) To stop this happening, scientists have come up with a set of 
standard units, called St unite, that all 


their data. Here are some SI units you'll eee in Biology: . tine sens 


Scaling Prefixes Can Be Used for Large and Small Quantities _ 
1) Quantities come in a huge range of sizes. For example, the volume of a swimming pool 
might be around 2 000 000 000 om’, while the volume of a cup is around 260 om’, 


2) To make the size of numbers more managenble, larger or emaller units are used. 
These are the (e.g. metres) with @ prefix in front: 


wa | ign G1] meg tM) | Mo) [ded i [enti [mim] mio [rao 
10% | 10% [1000 000 (10% | 1000 | 01 | O01 | 0001 | @ooooor ilo} | 10° 
8) Those prefixes tell you how much bigger or gmollor a unit is Ye conversion sumber 


than the base unit. 80 one kilometre is one thousond metros, thew ; 7 E 
4) To swnp from one unit to another, all you need to know la what number you have to divide or 
multiply by to get from the original unit to the new unit — this is called the conversion faotor. 
+ To go from a bigger unil (like m) to a gmaller unit (like cm), you multiply by the conversion factor. 
* To go from a sinaller unit (Uke g) to a bigger unit (like kg), you dlivide by the conversion factor. 


5) Here are some conversions that'll be useful for GCSE biology: 


Mass can have Length can have lots of units, Time can have Volume can have units of 
unite of kg and g. || including mm, pm and nm. Unite of min and e. || m?, dio? and om, 
«1090 "1000 «1000 169 1990 «1090 
' eR 
kee |] mm Sm Sm | min || me _ de _ om 
36 350 1OO Te 1350. “360 


Always Check The Values Used in Equations Have the Right Units 


1) Equations (sometimes called formulas) 
show relationships between vorishles. 

2) To resrrange an equation, make sure that 
whatever you do to one side of the equation 
you algo do to the other side, 

8) To use an equation, you need to know the values of sll but one of the variables. Substifule the 
values you do know into the equation, and do the calculation to work out the final variable. 

4) Always make cure the values you put info an equation have the righ? units. For example, if you're 
calculating the magnification of something, but your image size is in mm and the real size is in jum, 
you'll have to conver! both measurements into the same unit (either mm or im) before you start. 

5) To make cure your units are oorreol, it ean help 40 write down the unile on each line of your caloulalion. 


You can find the magnification of something using the equation: 
magnification = image size + real size (see p.12). You can 


ccartange this equation to find the age size by multelang 
cat side by the real size: image size = magnification * real size 


Iwasn’t sure I liked units, but now I'm converted... 


Its easy to get in a muddle when converting between units, but there's a handy way to check you've done it right. 
Ifyou're moving from a smaller unit to a larger unit (e.g. g to kg) the number should get smaller, and vice versa. 


Working Scientifically 


- Drawing Conclusions 


Congratulations — you're nearly at the end of a gruelling investigation, time to draw conclusions. 


You Can Only Conclude What the Data Shows and NO MORE 


1). Drawing conclusions might seem pretty straightforward — you just look at your data an 
‘say whot pattern or relationship you gee between the dependent and independent i 


The table on the right 


CONCLUSION: 
Stowe ba died Fertiliser B is pes ant 
seedli seedlings grow 
eon for three weeks wook period rls ferileer a 


2): But youtva got talbe aly careful that [You can't conclude that fertiliser B makes any 
matches the data 


your conclusion other type of plant grow taller than fertiliser A 
{you've got and doosn't go any further.——7) — the requlta could be totally different. 


8) You also need fo be able 1o use your results 
to justify your eonolusion back up. Over the three week period, fertiliser B made the pea 
[your vonatuton with eome apeotto deta), =| plat grow fmm mags on average then ferieer A: 
4) When writing « conclusion you need to refer back fo the originel hypothesis and cay whether the data 
unporta it or no! The hypothovis for thie experiment might hava boon that adding fertilicer 


‘would inorense the growth of plants and that different types of fertiliser would 
foot growth by different amounts, If 90, the data supports the hypothesis. 


Correlation DOES NOT Mean Cause _ 

If two things are correlated (i.0. there's a relationship between them) it doesn't necessarily mean a change 

in one variable is causing the change in the other — this is REALLY IMPORTANT — DON'T FORGET IT. 

There are three possible reasons for a correlation: 

1) CHANCE: If might seem strange, but two things can show a correlation purely due to chance. 

For example, ono study might find a correlation between people's hair colour 

and how good they are at frisbee. But other scientists don't get a correlation 

when they investigate it — the results of the first study are just a fluke. 

2) LINKED BY A SRD VARIABLE: A lot of the time it may look as if a change in on 
is causing a change in the other, but it isn't — a thied varioble links the two things. 

For example, there's a correlation between water fomperalure and shark aliacks.| —.« 

Thie len't beceuee warmer water mekes charke crazy. Instead, they're linked by p- 


‘a third variable — the number of people swimming (more people swim when the 
water's hotter, and with more people in the water you get more shark attacks). 


3) CAUSE: Sometimes a change in one variable does cause a change in the 
other. You can only conclude that « correlation is due to cause when you've 
confrolled all the variables that could, just could, be affecting the result. 


For example, there's a correlation between smoking and lung cancer. This is because 
chemicals in tobacco smoke cause lung cancer. This conclusion was only made 
‘once other variables (such as age and exposure to other things that cause cancer) 
had been conjrolled and shown not fo affect people's risk of getting lung cancer. 


I conclude that this page is a bit dull... 


although, just because I find it dull doesn’t mean that I can conclude it’s dull (you might think it’s the most 
interesting thing since that kid got his head stuck in the railings near school). In the exams you could be given a 
conclusion and asked whether some data supports it — so make sure you understand how far conclusions can go. 


Working Scientifically 


Uncertainties and Evaluations 
Hurrah! The end of another investigation. Well, now you have to work out all the things you did wrong. 


Uncertainty is the Amount of Error Your Measurements Might Have | 

1) When you repeat a measurement, you often get a slightly different figure each time you do it 
due to random error. This means that each result has some uncertainty to it. 

2) The measurements you make will also have some uncertainty in them due to The range s be largest valve 
limits in the resolution of the equipment you use (see page 5). ‘ 

8) This all means that the mean of a set of results will also have some uncertainty 
to it. You can calculate the uncertainty of a mean result using the equation: 


4) The larger the range, the less precise your results are and the 
there will be in your results. Uncertainties are shown using the ':: symbol. 


F EXAMPLE: ‘The table below shows the results of a respiration experiment to determine the volume of 
carbon dioxide produced, Calculate the uncertainty of the mean. 


[ee ESRC ee 
Range = 201 ~ 19.8. 
[01 | 198 200 |200 | rot 198 


2). Use the range to find the uncertainty: 
‘Uncertainty * range + 2 * 0.300 + 2 * 0.150 cm, So the uncertainty of the mean = 20.0 + 0.150 cm? 


5) Measuring # greater amount of something helps to reduce uncertainty. For example, in a rate of 
reaction experiment, measuring the amount of product formed over a longer period compared to a 
shorter period will reduce the percentage uncertainty in your reults. 


Evaluations — Describe How it Could be Improved 
An evaluation is a critical unalysie of the whole investigatio 
1) You should comment on the method — was it valid’? 
Did you control all the other variables to make it a {nir tot? 
2) Comment onthe quay ofthe tele — 2 there enough evidence to reach a 
lid conclusion? Were the + reproducible, aocurate and precise’? 
3) ie there any anomalous Ase If there were none then say co. If there were 


fo 


them — were they caused by errors in measurement? Were there any other vatiabdes ‘that could have 
affected the results? You should comment on the level of uncertainty in your results too. 

4) All this analysis will allow you to say how confident you are that your conclusion is right. 

5) Then you can suggest any changes fo the method that would improve the quality of the results, 
80 that you could have more confidence in your conclusion. For example, you might suggest changing 
‘the way you controlled a variable, or inoreasing the number of measurements you took. Taking 
more measurements at narrower intervals could give you a more accurate result. For example: 


Enzymes have an optimur temperature (a temperature at which they work bes!). Say you do an 
‘experiment to find an enzyme's optimum temperature and take measurements at 10 °C, 20 °C, 30 
40 °C and 50°C. The results of this experiment fell you the optimum is 40 °C. You could then repeat 

the experiment, taking more measurements around 40 °C to a get a more accurate value for the optimum. 


6) You could also make more predictions based a arnt 
on your conclusion, then further experiment 2 jt awry you Wk ths would mate he wel sete 
could be carried out to test them. TPIT eta 


Evaluation — next time, I’ll make sure I don’t burn the lab down... 


So there you have it — Working Scientifically, Make sure you know this stuff like the back of your hand. It’s not 
just in the lab that you'll need to know how to work scientifically. You can be asked about it in the exams as well. 


Working Scientifically 


Topic 1 — Cell Biology 1 
Cells | 


When someone first peered down a microscope at a slice of cork and drew the boxes they saw, 
little did they know that they'd seen the building blocks of every organism on the planet... 


Organisms can be Prokaryotes or Eukaryotes 


1) Allliving things are made of cella. 


2) Cells can be either prokaryotic oF eukaryotic. Eukaryotic cells are complex and include 
all ooimal and plan{ elle, Prokaryotic cells aro gmaller and vinpler, e.g. bacteria (see below). 


8) Evkoryoiee are organisms that are made up of eukoryotic celle. 
4) A prokaryote is @ prokeryotio coll (it's @ single-celled organism). 


Plant and Animal Cells have Similarities and Differences — | 


‘The different parts of a cell are called 
Moet animal eats have the folowing subcellular structures — make sure you know thom all: 
Nucleus — contains genetic material that controls the activities of the cell, 


Cytoplasm — gel-like substance where most of the chemical reactions happen. 

It contains enzymes (see poge 28) that control these chemical reactions. 

3) Coll membrane — holds the coll together and controls what goos in and out. 

4) Mitochondria — these are whore most of the reactions for norobio respiration take 
place (soe page 62). Respiration tranefers onerey that the coll needs to work. 

5) Ribosomes — these are where proteing are made in the cell. 


Plant cole wouelly have all the bite that animal ole have, pluo o few exia 

things that animal cells don't have: 

1) Rigid coll wall — made of cellulose. 11 supports the cell and strengthens it, 

2) Permanent vacuole — contains cell sap, a weak solution of sugar and salts, 

3) Chloroplasts — these are where photosynthesis occurs, which makes 
food for the plant (see page 57). They contain a iis 
‘gr20n substance called chlorophyll, which absorbs ite am Pp pal rpaiee teed 
the light needed for photosynthesis. parittirrhinprrhinirtrtnt rin 


Bacterial Cells Are Much Smaller | 
Bacteria are prokaryotes. Here's what a bacterial cell might look like: 
Coll membrane Bacterial cells don't have a ‘true’ 
Cell wall ‘nucleus — instead they have 
4 single citoular etrand of 


‘DNA 
that floats freely in the cytoplasm. 


They may also contain one or more 


chloroplasts or mitochondria. ‘mall rings of DNA called plasmids. 


Cell structures — become an estate agent... 


You could get asked to estimate the area of a subcellular structure in your exam. If you do, treat it as a 
regular shape. For example, if i's close to a rectangle, use the area formula ‘area = length » width’, 


QI Give two differences in structure between prokaryotic and eukaryotic cells. [2 marks] 


Topic 1 — Cell Biology 


‘Microscopy 


Mioroscopes are pretty insite for biology. So here's a couple of pages all about if thems 
is are Studied Using Microscopes | 


1) Microscopes let us see things that we can't sve with the naked eye. The 

we can use have developed over the years as technology and knowledge have improved. 
}) Light microscopes use light and lenses to form an image of a specimen and magnify it (make it look 

bigger). They let us see individual celle and large aubcellular structures, like nuclei. 

8) Electron microscopes use electrons instead of light to form an image. 
They have a much higher magnifigation than light microscopes. 

4) Thou a ‘alco have a higher resolution. (Resolution is the ability to distinguish 

botween {wo points, 60 a higher resolution gives a sharpar image.) 

5) Electron microscopes let us see much smallor things in more detail, tke the intornal atruoture of 

mitochondria and chloroplasts. They even let us wee finior things like ribosomes and plasmids, 


You Need to be Able to Use the Formula for Magnification 


You can caloulate the magnification 
of an image using this formula: I you want to work out 
‘he image size or the 
image size realize ofthe object, 
magnification you can rearrange the 
real size Geog Gale this 


[ EXAMPLE: ‘A specimen is 50 yim wide. Calculate the width of the image of the 
specimen under a magnification of « 100. Give your answer in mm, 


1) Beavrange the formula image size » magnification » real size 
2). Fill 'n the yalues you know image size = 100 * 50 

3) Remember the units in your answer = 5000 ym 

4) Convert the units =5 mm 


1000 = 5 ma 


You Need to Know How to Work With Numbers in Standard Form | 


1) Because microscopes can see such tiny objects, sometimes it’s useful to write numbers in otandard form. 


2) This is where you change very big or small numbers with lots of zeros into something more manageable, 
@.g. 0.017 can be written 1.7 x 10%, 


8) To do this you just need to move ‘A mitochondrion is approximately 0.0025 mm long. 
‘the decimal point left or right. ‘Write this figure in standard form. 
4) The number of places the decimal — 3) The first number needs to be between 1 and 10 so the 
pul navn en robeemrte idecmnal pointnetse folmove afc te 2 OSes 
y @ power of 10 — this is 2) Count how many places the decimal point has moved 2 
positive if the decimal points Stasi the paneron{ouDar e oael cima Sgn settee 
Towst to shard satan because the decimal point has moved night 


Your resolution to revise should be increasing right now... 
Keep an eye on the units for that equation — if they're not the same, it just won’t work. 
QI Anonion cell is viewed under a microscope with * 100 magnification. The image of the cell 
is 7.5 mm wide, What is the real width of the onion cell? Give your answer in ym. (2. marks} 


Topic 1 — Cell Biology 


11's all very well knowing what microscopes do — you also have fo know how fo actually use one. 


You Need to Prepare Your Slide 


If you want fo look at a specimen (e.g. plant or animal cells) under a light microscope, you need to put it 

‘on @ microscope slide first. A slide is a strip of clear glass oF plastic onto which the specimen is mounted. 

Here's how to prepare a slide to view onion cells: 

1) Add a drop of water to the middle of a clean slide. bag 

2) Cut up an onion and separate it out into layers. Use fuiaes to peel off 1 
‘some epidermal tigaue from the bottom of one of the 

8) Using the tweezers, place the epidermal fissue into the aa on the slide. Spictaen 


4) Add a drop of jodine solution. lodine solution is a stain. — She 
Stains are used to highlight objects in a cell by adding colour to them. 


5) ‘cover slip (a equare of thin, tranoparent plastio or glass) on top. To do this, stand the cover slip 
upright on the slide, next fo the water droplet. ‘Then carefully tilt and lower it go it covers the specimen, 
Try not to get any air bubbles under there — they'll obstruot your view of the specimen, 
_ Use a Light Microscope to Look at Your Slide 
To look at your prepared slides, you need to know how to use a light microscope: 
1) Clip the glide you've prepared onto the giage. Eyepiece 
2) Solect the lowect-powered objective lone \ 
{i.0, the one that produces the lowest magnification). " 


8) Use the coarse adjustment knob to move the stage up 
to just below the objective lens. 

4) Look down the eyepiece. Use the coarse adjustment knob to 
move the stage downwards until the image is roughly in foous.. 


5) Adjust the fooun with the Ge aunmentkoob, unt you get 
1 cloor image of what's on the alide. 


8) If you need to see the slide with greater magnification, swap 
to a highor-powored objective long and refocus. 


Draw Your Observations Neatly with a Pencil | 


1) Draw what you see under the microscope using a pencil with a sharp point. 
2) Make sure your drawing takes up at least half of the space 
available and that it is drawn with clear, unbroken lines. La 
8) Your drawing should not include any colouring or shading. 
4) If you are drawing cells, the subcellular etructures 
should be drawn in proportion, 
5) Remember to include a fitle of what you were umber feels 1 
observing and write down the magnification = work out the magn 
that it wae observed under. mmagrtation en 
6) Label the important features of your drawing 
(e.g. nucleus, chloroplasts), ane 


Onion Cats 


ytopla 


‘eal length = 3 mm 


an Work Out there ee 


Equine 


Alight microscope is better than a heavy one... 
Ifyou can use a microscope, you're halfway to ruling the world, That's what I like to think, anyway. 
QI Why might you add stain to the sample on a microscope slide? {1 mark] 


Topic 1 — Cell Biology 


Cells don't all look the same. They have different structures to suit their different functions. 
| Cells Differentiate to Become Specialised | 
1) Differentiation is the process by which a cell changes to become specialised for ite job. 
2) As cells change, they develop different subcellular structures and turn into different types of cells. 
This allows them fo carry out specific funotions. 
8) Most differentiation ooours as an organiam develops. > 
In most animal cells, the ability to differentiate is @ —_> Cc 
then lost at an enrly stage, after they become specialised. ee, 
However, lots of plant cells don't ever lose this ability. wos od 
4) The cells that differenti are mainly used ie Prviniriectpen 


in mature animals 
for repairing and replacing cells, such as skin or blood cells, 
5) Some cells ore undifferentiated cells — they're called atem celle. There's more about them on page 19. 


_ You Need To Know These Examples of Specialised Cells 


SPERM CELLS are specialised for REPRODUCTION 


The function of a sperm is basioally to get the male DNA to he fomale DNA | 
Whos a Jong tail and a gtreamlined head to help it gwvin to the ops. 

Thoro are a lot of mitochondria in the cell to provide the enorgy neoded. 
Wf also carries enzymes in its head to digest through the ogg cell membrane. 


NERVE CELLS are specialised for RAPID SIGNALLING 


Tho function of norve oella is 40 garry elaotrion! aignale from one part of the body to 
another. These oolls aro long (10 cover more distance) and have 
at their onde to connect 40 othor nerve colle and form a network throughout the body. 


MUSCLE CELLS are specialised for CONTRACTION 


Tho function of a musole coll is to contract quickly. These cells = 
are long (so that they have space to contract) and contain lote 
to generate the energy needed for contraction. 


ROOT HAIR CELLS are specialised for absorbing WATER and MINERALS 


Root hair cells ere celle on the aurface of plant roots, which grow into long “hairs” that stick out into 
the soil. This gives the plant a big surface area for absorbing water and mineral ions from the soil. 


phlger agfem 


PHLOEM and XYLEM CELLS are specialised for TRANSPORTING SUBGTANCES 
Phloem andl xylem cells form phloem and xylem tubes, which transport Sheds mane 


substances such as food and water around plants. To form the tubes, the cells S es nice 
are long and joined end fo end. Xylem cells are hollow in the centre and phloem ‘and aye on 


cells have very few subcellular structures, so that stuff can flow through them. Z, 


5 me = 


Tadpoles and tent pegs — cells are masters of disguise... 
‘You need to know how the structure of each of the cells on this page relates to its function, Lucky you. 


QI Plants transport food substances from the leaves to growing parts of the plant through phloem tubes 
Give one feature of a phloem cell that makes it specialised for its function. [1 mark] 


Q2 Describe how a root hair cell is specialised for its function. [2 marks} 


Topic 1 — Gell Biology 


Chromosomes and Mitosis 


In order to survive and grow, our cells have got to be able to divide, And that means our DNA as well... 


_ Chromosomes Contain Genetic Information | 


1) Most cells in your body have a nucleus. The nucle 
your genetic material in the form of chromosomes. 

2) Chromosomes are coiled up lengths of DNA molecules. 

8) Each chromosome carries a large number of genes. Different ger 
control the development of different charactoristios, e.g. hair colour. 

4) Body colle normally have two copies of each chromouome — one from the organiam’s ‘mother’, and one 
from its ‘father’. 80, humans have two copies of chromosome 1, two copies of chromosome 2, etc. 

5) The diagram shows the 23 pairs of chromosomes from a human cell, 


contains 


The Cell Cycle Makes New Cells for Growth, Development and Repair 
1) Body cells in multicellular organisms divide to produce new colls as part of 
if stages called the call cyole. 
2) The stage of the oell cyole when the coll divides is called mitosis. 
8) Multicellular organisms use mitosis to grow oF replace cells that have been damaged. 
4) Tho end of the cell cyole results in two new cells identical to the original cell, 
with the game number of chromosomes, 
5) You need to know about these two main stages of the cell cycle: 


NAR 


1) Ina coll that's not dividing, the DNA is all spread out in lone slvings. 

2) Before it divides, the cell has to grow and jnorenee the amount of 
subcellular structures such as mitochondria and ribonomes. 

8) It then duplioutes te DNA — so there's one copy 

for each new cell. The DNA is copied and forms 

cohoped chromosomes. Each ‘arm’ of the 

chromosome is an ooo! duplicate of the other, 


Once ite contents and DNA ha 

‘he cell is ready for mitosis... 

4) The chromosomes line up at the centre of the cell 
‘and cell fibres pull them apart. The two arms of each 
chromosome go to opposite ends of the cell. 

5) Membranes form around each of the sets of 
chromosomes. These become the nuclei of the two 
new cells — the nucleus has divided. 

6) Lastly, the cytoplasm and cell membrane divide, 

The cell has now produced two new daughter cells. 

The daughter cells contain exactly the same DNA — they're 

identical. Their DNA is also identical to the parent cell. 


been copied, 


Acell’s favourite computer game — divide and conquer... 

Mitosis can scem tricky at first. But don't worry — just go through it slowly, one step at a time, 

This type of division produces identical cells, but there’s another type which doesn't... (see page 88). 

Qi Describe the events of the cell cycle that need to occur before mitosis can begin. [2 marks] 


‘Topic 1 — Cell Biology 


Yel 
In binary fission, the cell... tol nfo tan, Theres bit more toi than that though: 


a 1) The ciroular DNA and plasmids) replicate. 
2) Tho coll gote bigger and the oiroular DNA 
@+t “ttle B move fo oppacita ‘polea’ (ends) 
rh 
&%§ 8} Th ann tpi oda 
‘nese cell walls bagin 40 form, 
(0) 4 ee ‘oytoplaem divides and two daughter 
‘oollg ara produoed. Each daughter ool 
§ & ‘has one copy of the circular DNA, but 
‘can have 0 variable number of copies of 
§ 


the plouinid(s). 


lots of nutrients). 
beers in the right environment. Howover, if ‘oonditione beoome accu mt colle 
will stop dividing 


‘and eventually begin to dio. 


|_Use the Mean Division Time to Find the Number of Bacteria in a Population | 
is just th average amount of time it fakes for one bacterial cll to divide into two. 


The mean division time 
If you know the mean division time of a cell, you can work out how many times it has divided 
in @ certain amount of time, and so the number of cells it has produced in that time. 


[es] 
F EXAMPLE: § ‘A bacterial cell has a mean division time of 30 minutes. oD 
How many cells will it have produced ater 2.5 hours? AR 

1) Make sure both times are in the same units 2.5 hours « 60 = 150 minutes. Each AR, 

2) Divide the total time that the bacteria are cell divides to Fy 
producing cells by the mean division time 150 minutes + 30 minutes = 5 divisions produce 2 eels, 
This gives you the number of diasons s0 the number 

3) Multiply 2 by itself for the number of of cells increases 


Basins ta find the rarer ofc ee by 2 power of 2 


for each division. 


Fission is division, there’s no splitting hairs there... 
Binary fission is the sort of subject where standard form could show up. Head back to page 12 if you're unsure. 
QI Give two things that help to maximise the rate of binary fission. [2 marks} 


Q2___A bacterial cel! has a mean division time of 30 minutes. 
How many cells will it have produced in 3 hours? [2 marks} 
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Culturing Microorganisms | ?™crcxz 


And now for some hands-on stuff. You can grow your own microorganisms and test how effective different 
antibiotics, antiseptics or disinfectants are at killing them — just watch out for those bacterial rights activists... 


You Can Grow Bacteria in the Lab | 


1) Bacteria (and some other microorganisms) are grown (cultured) in a “oullure medivirn™, 
which contains the carbohydrates, minerals, proteing and vilamine hey need to grow. 
2) The culture medium used ean be o putrien! broth solution oF solid spor jelly 
8) Bacteria grown on ager ‘plates’ will form visible colonive on the surface of the jelly, 
oF will pron ou! t0 give an even covering of bacteria. 
+ To make an agar plate, ho! agar jelly is poured into shallow round plastic 
dishes called 
* When the jelly’s cooled and set, inoouliting loops (wire loops) can be used 
fo \ranefer microorganisms to the culture medium. Alternatively, @ vivrile 
ceopping pipette and spreader ean be used to got an ever covering of bacteria. 
* The microorganisms then inultiply. 
4) In the ab of sehoo!, cultures of microorganiams are not kept ubove 26 0, 


because harraful pathogens are more likely to grow above this temperature, 


5) In \odustrial conditions, cultures are incubated at higher temnperatires 80 that they can grow a lot faster, 


You Can Investigate the Effect of Antibiotics on Bacterial Growth | 


‘You can test the action of antibiotics (or antiseptics) on cultures of bacteria: 

1) Place paper disos cooked in different types (or different concentrations) of antibioties on 
‘an agar plate that has an even covering of bacteria. Leave some apace between the discs. 

2) The antibiotic should diffuse (soak) into the agar jelly. Antibiotio-resistant bacteria (i.e. bacteria 
that aren't affected by the antibiotic — see p.61) will continue to grow on the agar 
sround the paper dlecs, but non-tesatant eraine wil da. A lear anon wil be left (oo aes roar 
where the bacteria have died — this is called an inhibition zone. fpbtien: 

8) Moke sure you use @ control. This is a paper diso that has not 
been soaked in an antibiotic. Instead, soak it in 
You ean then be sure that any slifference between the growth 
of the bacteria around the control diso and round one of the 
antibiotic dises is due to the effect of the antibiotic alone (and 
not something weird in the paper, for example). 

4) Leave the plate for 48 hours at 25 °C. 

5) The more effective the antibiotic is against the bacteria, 
the larger the inhibition zone will be — see next page. 


You Need to Use Uncontaminated Cultures 


bacteria 


Contamination by unwanted microorganisms will affect your results 
‘and ean potentially result in the growth of pathogens. To avoid this: 

1) The Petri dishes and culture medium must be sterilised before use 
(e.g. by heating to a high temperature), to kill any unwanted 
microorganisms that may be lurking on them. 

2) fan inooulating loop is used to transfer the bacteria to the culture medium, 
it should be sterilised first by passing it through a hot flame. 

8) After transferring the bacteria, the lid of the Petri dish should be lightly 
taped on — to stop microorganisms from the air getting in. 

4) The Petri dich should be stored upside down — to stop drops of 
‘ondencation falling onto the agar surface. 
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[ Calculate the Sizes of the Inhibition Zones to Compare Results | 


You can compare the effectiveness of different antibiotics (or antiseptics) 
cn bacteria by looking atthe relative sizes of the inhibition zones. 

The larger the inhibition zone around a diso, the more effective 
the antibiotic is against the bacteria. 

You can do this by eye if there are large differences in size. 
But to get more socurate results it's a good idea to oaloulate 

the area of the inhibition zones using theit diameter ——”_ 
(the distance gorovs). 


inhibition 2068 — 
they should ve voibhe 
through the bolton = 
af the dish 


To calculate the area of an inhibition zone, you need to use this equation: etnies 


a ‘ris the radius of the inhibition zone 

yout Pind c rf ae it's equal to half the diameter. 

aeecak aie Tis just a number, You should have a button for 
ion your calculator. IF not, just use the value 3.14 


FexAMPLe: ‘The diagram below shows the inhibition zones produced by antibiotics A and 8. 
Use the areas of the inhibition zones to compare the effectiveness of the antibiotics, 
1) Divide the dameterof zone A -Radius of A = 14+ 2= 7 mm 
sn by twa to find the radius 
4mm 20 mm ) 2) Stick the radius vale into Area of A= 10 77 = 154 mm? 
the cquation area ® thr? 
3) Repeat steps 1 and 2 for zone B. —Radius of B= 20 + 2=10 mm 
4) Gompace the sizes of the areas Area of B = 11 «107 = 314 mm? 
314 mmm is jst ever twice 154 mm’, 
50 you could say that: The inhibition zone of antibiotic B is 
roughly twice the size of the inhibition 
zone of antibiotic A. 


One colony 


You Can Also Find the Area of a Colony | 


The equation above can aloo be used to calculate the 
area of a bacterial colony. You just need to measure the 
fae of the colony you are interested in first, 


Agar — my favourite jelly flavour after raspberr’ 
Microorganisms might be the perfect pets. You don’t have to walk them, they won't get lonely 
and they hardly cost anything to feed. But whatever you do, do not feed them after midnight. 
QI A researcher was investigating the effect of four different antiseptics on the growth of bacteria. 
The diagram on the right shows the results. 
‘ A Antiseptic al 
a) Which antiseptic was most ‘A ee 
effective against the bacteria? [1 mark] t—~e a 
b) Calculate the size of the i 
ibition zone for Antiseptic C. 
Give your answer in mm’ {2 marks] \ 
€) Describe a control that could have =o 
been used for this investigation, [Lmark] Antiseptic ~ ~ Antiseptic 
d) Explain why « control should be used. [1 mark] c a D 


Antiseptic 
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Stem Cells 


Stem cell research has exciting possibilities, but i's also pretty controversial. 


Embryonic Stem Cells Can Turn into ANY Type of Cell 


1) Differentiation is the process by which a cell changes to become specialised for its job — see p.14. 
led stom cells, ean divide to produce lots more undifferentiated cells. 
to different types of cell, depending on what instructions they're given. 

3) Stern cells are found in early human embryos. They're exciting to doctors and medical researchers because 
they have the potential to turn into any kind of cel at all. This makes sence if you think about it he 
different types of oell found in a human being have to come from those few cells in the early embryo. 

4) Adults also have stor oolls, but they're only found in oertain places, like bone marrow. Unlike embryonic 
stom colls, they can't turn into any oell type at all, only certain ones, euch as blood cella, 

5) Stem colls from embryos and bone marrow can be grown in a lab to produce clones (genatioally identionl 
calla) and made to differentiate into specialised cells to use in medicine or research. 


_Stem Cells May Be Able to Cure Many Diseases | 
1) Medicine already uses adult stem cells to cure disease. For example, stem oolls transferred from 
the bone marrow of « healthy person can replace faulty blood cells in the patient who receives them. 
2) Embryonic stom calls could also be used to replace faulty cells in sick people — you could make 
ingulin-producing celle for people with diabetes, nerve cells for people paralysed by spinal injuries, and co on. 
3) Ina type of cloning, oalled therapeutio cloning, an embryo could be made to have the game genetic 
information as the patient. This means that the stem calls produced from it would alao contain the 
‘sume genes and co wouldn't be rejected by the patient's body if used to replace faulty colle. 
4) However, thore are risks involved in using stem colle in medicine. For example, stem cells grown in the lab 
may become gontaminated with a yirug which could be pasged on to the patient and so make thom gioker. 


Some People Are Against Stem Cell Research 
1) Some people are against stem cell research because they feel that human embryos 
‘shouldn't bo used for experiments sinoe each one is a potential human life. 
2) Others think that curing existing patients who are suffering is more important than the rights of ine 
8) One fairly convincing argument in favour of this point of view is that the embryos used in the res 
usually unwanted ones from ferility clinios which, if they weren't used for research, would probably jst be 
desiroyed. But of course, campaigners for the rights of embryos usually want this banned too. 
4) These campaigners feel that scientists chould concentrate more on finding and developing 
‘of stem celle, so people could be helped without having to use embryos. 
5) In come countries stem cell research is banned. It's allowed in the UK as long as it follows sirict guidelines. 


_Stem Cells Can Produce Identical Plants | 


1) In plants, stem cells are found in the meristems (parts of the plant where growlh occurs — see p.42). 

2) Throughout the plant's entire life, cells in the meristem tissues can differentiate into any type of plant cell. 
8) These stem celle can be used to produce clones (identical copies) of whole plants quickly and cheaply. 

4) They can be used fo grow more plants of rare species (to prevent them being wiped out). 


5) Stem celle can also be used fo grow crops of identical plants that have desired features for farmers, 
for example, disease resistance, 


But florists cell stems, and nobody complains about that... 
‘Whatever your opinion is, make sure know the uses of stem cells and the arguments for and against using them. 
ai How can stem cells be used to preserve rare plant species? (2 marks} 


‘Topic 1 — Cell Biology 


20 


Diffusion 


Particles move about randomly, and after a bit they end up evenly spaced. It's not rocket science, is it... 
| Don't Be Put Off by the Fancy Word | 
1) “Diffusion” is simple. 1's just the gradual movement of peices from places where there are lots of 


them to places where there are fowor of them — it's just the natural tendenoy for stuff to spread out. 
2) Unfortunately you also have fo learn the fancy way of saying the same thing, which is this: 


4) Diffusion happens in both solutions and gases — that's because the particles in these substances are 
free to move about randomly, 

5) The simplaat type ic when different gases diffuse through each other. 
This is what's happening when the smell of perfume diffuses through the air in a room: 


eo 6 a ©a fu 

Oo a oo * &| Piles 
ere o® Ep @ 8 & | diffused 
ee de © © & & | nthoor 


6) The bigger the concentration gradiant (the differance in concentration), the faster the diffusion rate, 


7) Abigher temperature will also give a faster diffusion rate because the particles have more energy, 
60 move around faster. 


Cell Membranes Are Kind of Clever... 


1) They're clever because they hold the cell together BUT they let stuff in and out as well. 
2) Dissolved substances can move in and out of cells by diffusion. 
8) Only very small molecules can diffuse through cell membranes though 
— things like oxygen (needed for respiration — see page 62), glucose, amino soids and water. 
4) Big moleoules like starch and proteing can't fit through the membrane: 


ge (bee o 
°g as g Le, : ‘glucose| 


e ee © ® 6 
e ino sold 
Q & e Le “e 


5) Just like with diffusion in air, particles flow through the cell membrane from where ther 
higher concentration (a lot of them) to where there's a lower concentration (not such a lot of them). 

6) They're only moving about randomly of course, so they go both ways — but if there are a lot more 
particles on one side of the membrane, there's a net (overall) movement from that side. 

7) The larger the surface area of the membrane, the faster the diffusion rate, because more particles can 
pass through at once — see page 23. 


Revision by diffusion — you wish... 

Wouldn't it be great if all the ideas in this book would just gradually drift across into your mind. 

QI A-student adds a drop of ink to a glass of cold water: 
4) What will the student observe to happen to the drop of ink. Explain your answer [2 marks} 
b) How might the observation differ if the ink was added to a glass of warm water? [1 mark] 
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Osmosis 


If you've got your head round diffusion, osmosis will be a breeze. If not, Ive antibr read ofthe peevioun page: 


Osmosis is a Special Case of Diffusion, That’s All | 


1) A portially permeable membrane is just one with very small holes in it. So small, in fact, only 
finy molecules (like water) can pass through them, and bigger molecules (e.g. sucrose) can't. 
2) The water molecules actually pass both ways through 


the membrane during osmosis. This happens because On é 
move about randomly . 
water molecules all the time. UA vase} 
3) But because thoro are more water molecules on one ° S 
side than on the other, there's a steady net flow of ry I 
jor into the region with fewer water molecules, eo ? 
into the stronger sugar solution. ry eCoaers 


4) This moans the strong sugar solution gets more 
dilute. The water acts like it’s trying to “even up" 
the concentration either side of the membrane. 

5) Osmosis is a type of diffusion — passive movement of water particles from 
‘an area of higher water concentration to an area of lower water concentration. 


You can Observe the Effect of Sugar Solutions on Plant Tissue | (emrorien] 


There's a fairly dull experiment you can do to show osmosis at work. 
1) You cut up an innocent potato into identical cylinders, 


and get come beakers with different sugar solutions 
in them. One should be pura water and another should | weer re 1 + Ste 
bo a very concentrated sugar golution (e.g. | mol/dm*). oylinders 


Then you can have a few others with concentrations 
inbetween (e.g. 0.2 moV/dm®, 0.4 mol/dm', 0.6 moVdm’, ete.) 
2) You measure the mass of the oylinders, then leave 
‘one cylinder in ench beaker for twenty four hours or so. RO fed H 
8) Then you take them out, dry them with a EM Meseerated he 
paper towel and measure theit masses again. 
4) If the cylinders have drawn in water by osmosis, 
‘thoy'l have increased in macs, If water has been drawn out, 
they'll have decreased in mass. You can calculate the 
percentage change in mass, then plot a few graphy and thingo, 7" 
5) The dependent variable is the chip mass and the independent variable is the concentration of the 
‘sugar solution. All other variables (volume of solution, temperature, time, fype of sugar used, 
etc. etc.) must be kept the game in each case or the experiment won't be a fair test. 
6) Like any experiment, you need fo be aware of how errors (see p.5) may arise. 
Sometimes they may occur when carrying out the method, 


= percentage 


8. if some potato 2 You!) 
OF IF = this experiment 

ferent salt solutions and 

8 what ect they hine 


And to all you cold-hearted potato murderers... 
Just remember, osmosis is really just a fancy word for the diffusion of water molecules. Its simple really. 
QI Explain what will happen to the mass of a piece of potato added to a concentrated salt solution. [2 marks] 
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Active Transport 


Sometimes substances need 10 be absorbed against a concentration gradient, i.e. from a lower to a 
higher concentration. This process is lovingly referred to as ACTIVE TRANSPORT. 


Root Hairs Take In Minerals and Water | 


[Root hat ca ent ha” ehh ack ot the sok 

2) Each branch of a root will be covered in willione 
of these microscopic hairs. 

8) This gives the plant a lure euro yon for 
absorbing wolor and mineral jone from the soil. 

4) Plants jood these mineral ions for heulthy erowlh. 

5) The concentration of minerals is usually higher in 
the coo! hie calle than in the ool! around them. 

8) 80 the root hair cells oun't use dliffinion to take up minerals from the soil. 


Root Hairs Take in Minerals Using Active Transport | 
1) Minerale should move ou of the root hair if they followed the rules of diffusion. 
The colle must use another method to draw them in. 
2) That mothod ie, in fact, a conveniently mysterious process called "golive transport". 


8) Active transport allows the plant to absorb minerals from a very dilute solution, ageing! a 
concentration gradient. This is essential for its growth. But active transport needs ENEROY 
from respiration to make it work. 


4) Active transport also happens in humans, for example in taking glucose from the gut (see below), 
kidney tubules. 


‘and from the 


We Need Active Transport to Stop Us Starving _ 
Active trangport ie used in the gut when there is « lower concentration of nutrients in the gut, 
but a higher concentration of nutrients in the blood. 

1) When there's a higher concentration of glucose and 

‘amino acids in the gut they diffuse naturally into the blood. 
2) BUT — sometimes there's 0 lower concentration 

of nutrionte in the gut than there icin the blood. 


9) This means that the concentration gradient is 
the wrong way. 


4) The same process used in plant roots is 
used here... 


++"Active transport”. 
5) Active transport allows nutrients to be taken into the blood, 
despite the fact that the concentration gradient is the wrong way. 


6) This means that glucose can be taken into the bloodstream when its concentration in the blood is already 
higher than in the gut. If can then be transported to cells, where it's used for respiration (see p.61). 


Active transport — get on yer bike... 

An important difference between active transport and diffusion is that active transport uses energy. Imagine a pen 
of sheep ina field. If you open the pen, the sheep will happily diffuse from the area of higher sheep concentration 
into the field, which has a lower sheep concentration — you won't have to do a thing. To get them back in the pen 
though, you'll have to put in quite a bit of energy. 


QI What is the purpose of active transport in the gut? [1 mark] 
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Exchange Surfaces 


How easily stuff moves between an organism and its environment depends on its surface area to volume ratio. 


Organisms Exchange Substances with their Environment ] 


1) Cells can use diffusion to fake in substances they noed and get rid of waste produots. For example: 
* Oxygen and oarbon dioxide are transferred betwoon oolle and the environment during gas exchange. 
+ In humans, urea (e waste product produced from the breakdown of proteins, see p.75) 
diffuse ‘cells into the blood plasma for removal from the body by the kidneys. 
2) How easy it is for an organism to exchange substances with its environment depends on the 
organiem's gurfaoe area to volume ratio (SA : V). 


You Can Compare Surface Area to Volume Ratios — | 


‘A ratio shows how big one value Is compared to another. The larger an organism is, the smaller its curface 
‘rea is compared fo iis volume. You oan show this by caloulating surface aren to volume ratios: 


‘Ahippo can be reprosented by a 2 om x 4 om x 4 om blook. —— 
The aren of o surface is found by the equation: LENOTH x WIDTH 
Go the hippo's total surface area ie: 
(4 x 4) x 2 (top and bottom aurfaces of block) 

+ (4 x 2) x 4 (four sides of the block) 

= 64 om’, 
‘The volume of a blook is found by the equati 
So tho hippo’s volume is 4x 4 X 2 = 32 om*, 


LENOTH x WIDTH x HEIGHT 


The surface area to volume ratio of the hippo can be written aa 04 : 32. Tho cube mouse's 

To simplify the ratio, divide both sides of the ratio by the volume. surface area ie gix times 

So the surface aren to volume ratio of the hippo ie 2:1. tte volume, but the oube 
hippo's surface area 

‘A mouse can be represented by a 1 om x Lom x Lom blook. 1a ofky faan Ho Vokun: 

Hts surface area is (1 x 1) X 6 = 6 om’. Salon So the mouse has a 

Hs volume in 1x 1x 1 = Tom’, ae larger surface area 

So the surface area to volume ratio of the mouse is 6 : 1. compared to its volume, 


Multicellular Organisms Need Exchange Surfaces | 


1) In single-celled organiame, gases and dicsolved substances can diffuse directly into (or out of) the cell 
cross the cell membrane. i's because they have a lurge surface aren compared to their volume, 60 
enough substances ean be exchanged across the membrane to supply the volume of the cell. 

2) Multicellular orgenisms have @ smaller surface ares compared to their volume — not enough 
substances can diffuse from thelr outside surface to supply their entire volume. This means they need 
some sort of exchange surface for efficient diffusion (see pages 24-25 for some examples). 

The exchange surface structures have fo allow enough of the necessary substances to pass through. 

8) Exchange surfaces are ADAPTED to maximise effectiveness: 

* They have a thin membrane, 80 substances only have a short distance to diffuse. 

+ They have a large surface area so lots of a substance can diffuse at once. 

+ Exchange surfaces in animals have lots of blood vessels, to get stuff into and out of the blood quickly. 
* Gas exchange surfaces in animals (e.g. alveoli) are often ventilated too — air moves in and out. 


Not that I’m endorsing putting animals in boxes. 
A large surface area is a key way that organisms’ exchange surfaces are made more effective 
QI A bacterial cell can be represented by a 2 pm * 2 jum * 1 jum block. 

Calculate the cell's surface area to volume ratio, [3 marks] 
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This page is about how two different parts of the human body are adapted so that substances can diffuse 
through them most effectively. The first bit is about how gases in the lungs get into and out of the blood. 
The second is about how digested food gets from the gut to the blood. 


| Gas Exchange Happens in the Lungs | 


1) The job of tho lungs is to transfer oxygen to the 
blood and to remove waste carbon dioxide from it. 

2) To do this the lungs contain millions of little air snos 
coalied alveoli where ga exchange takes place. 


re 
Bluo = blood with ourbon dioxide, 
Rod = blood with oxygen. 


8) Tho alveoli are upecialisod to maximise the diffusion 
of 0, and 00,. They have: 
+ An enormous surface area (about 76 m? in humans). 
* A moist lining for dissolving gases. 
+ Very thin walle. 
* A good blood supply. 


| The Villi Provide a Really Really Big Surface Area 


1) The inside of the small intestine is covered in millions 
and millione of these tiny litle projections called vil. 
2) They increase the surface area in a big way 90 
‘that digested food is absorbed much more quickly 
into the blood. 
38) Notice they have: 
+ a single layer of surface cells, 
* avery good blood supply to assist quick absorption. 
“Te dig ed incest 
blood by dfn and by 
pet (se page 22 


Al Veoli — the Italian gas man... 


‘Thankfully, our bodies are well adapted for efficient diffusion of substances. But the array of life's snazzy 
exchange surfaces doesn’t stop here, oh no — just take a look at what's coming up on the next page... 
QI Give one way in which alveoli are adapted for gas exchange, [1 mark] 


Q2 Describe how the surface area of the small intestine is maximised for absorption. [1 mark} 
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More on Exchanging Substances 


More stuff on adaptations for diffusion now — only this time, it's plants and fish. Whoopee... 


The Structure of Leaves Lets Gases Diffuse In and Out of Cells 


1) Carbon dioxide diffuses into the oir spaces within the then it diffuses into the cells where 
photosynthesis happens. The leal’s structure is adapted so that this can happen easily. 

2) The underneath of the leaf is an exchange surface. It's covered in biddy little holes called stomata 
which the carbon dioxide diffuses in through. 

8) Oxygen (produced in photosynthesis) and water vapour 
‘also diffuse out through the stomata. (Water vapour is, 
‘actually lost from all over the leaf surface, but most of it 
is lost through the stomata.) 

4) The size of the stomata are controlled by guard cells 
see page 44. These close the stomata if the plant is 
loving water factor than it is being replaced by the roots. 
Without these guard cells the plant would coon wilt. 

5) The flattened shape of the leaf increases the grag of this exchange surface so that it's more effective. 

6) The walls of the cells inside the leaf form another exchange surface. The gir spaces inside the leaf 
inoronse tho area of thia ourfaoe ao thore's more chanoe for carbon dioxide to get into the cella, 


‘The water vapour evaporates from the cells inside the leaf. Then it escapes by 
diffusion because there's a lot of it inside the leaf and leas of it in the air outside. 


Gills Have a Large Surface Area for Gas Exchange | 
1). The gills are the gos exchange surface in fish. 


wh 
2) Water (containing oxygen) enters the fish through ote mu = Z 
its mouth and passes out through the gills. As this happens, water eo | 
‘oxygen diffuses from the water into the blood in the gle and Sa 


diffuses from the blood into the water. 
of lots of thin plates called gill filaments, 


8) Eaoh gil ie ma 


4) The gill filaments are covered in lots of tiny structures > 


called lamellae, which increase the surface area even more. 
5) The lamellae have lots of blood capillaries to speed up diffusion. 
) They also have a thin surface layer of cells to minimise the 
distance that the gases have to diffuse. 
7) Blood flows through the lamellae in one direction and 
water flows over in the opposite direction. This maintains a 
large concentration gradient between the water and the blood. 


8) The concentration of oxygen in the water is aways higher than that in the blood, 
so as much oxygen ae possible diffuses from the water into the blood. 


In, out, in, out, shake that oxygen about. 
There's a theme here — multicellular organisms are really well adapted for getting the substances they need 
to their cells. It makes sense — if they couldn't do this well, they'd die out. If you're asked in an exam how 
something's adapted for exchange, think about whether surface area is important — cos it often is. 


QI Give two ways in which the structure of a gill is adapted for effective gas exchange. [2 marks] 
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Well, that’s Topic 1 done and duste 


Now there's only one way to find out whether you've learnt anything 


from it. And you know what that is, I'll bet. It's obvious... | mean, there's a whole load of questions staring 


you in the face — chances are, it's got to involve those in some way. And sure enough, it does. 
* Try these questions and fick off each one when you get if right. 
* When you've done all the questions under a heading and are completely happy with it, tick it off. 


Cells and Microscopy (p.11-13) 
1) Name five subcellular structures that both plant and animal cells have. 
2) What three things do plant celle have that animal cells don't? 
3) Where is the genetic material found in: 

4) animal cell, 

b) bacterial celle? 


4) What type of organisms are bacteria — prokaryotes or eukaryotes’? 

5) Which gives a higher resolution — a light microscope or an electron microscope’? 

Differentiation and Division (p.14-16) [_] 

6) What is coll differentiation? 

7) Give three ways that a sperm cell is adapted for swimming to an ogg cell, 

8) Draw a diagram of a norve coll, Why init thie chapo? 

9) What are chromosomes? 

10) What ie the cell oyole? 

11). What is mitosis used for by multicellular organisms’? 

12) What is the name of the process by which bacteria divide? 

Culturing Microorganisms (p.17-18) [_] 

18) a) What is the maximum temperature that microorganisms should be grown at in a school lab? 
b) Why shouldn't a temperature above this be used? 


14) There are ways in which you can make sure an experiment teoting the effect 
of antibiotics on bacteria has not been contaminated. Give three of these ways. 


Stem Cells (p.19) ["] 
15) Give two ways that embryonic stem cells could be used fo cure diseases. 

16) Why might some people be opposed to the use of human embryos in stem cell research? 
Exchanging Substances (p.20-25) [_] 
17) What is diffusion? 

18) Name three substances that can diffuse through cell membranes, and two that can't. 

19) What type of molecules move by osmosis? 

20) Give the two main differences between active transport and diffusion. 

21) Give three adaptations of exchange surfaces that increase the efficiency of diffusion. 

22) Give two ways that the villi in the small intestine are adapted for absorbing digested food. 

23) Explain how leaves are adapted to maximise the amount of carbon dioxide that gets to their cells. 
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Topic 2 — Organisation aT 
Cell Organisation 


Some organisms contain loads of oolle, but how, you might wonder, do all these cells end up making a 
working human or squirrel... the answer's organisation. Without it, they'd just make a meaty splodge. 


Large Multicellular Organisms are Made Up of Organ Systems | 


1) Gols are the basic building blooks that make up all living organians. 

2) As you know from page 14, spevielived celle carry out @ particular function. 

8) The proves by which oalls become for a particular job is called differentiation. 
Differentiation occurs during the development of a multicellular organism. 


4) Those specialised cells form tisoies, which form orduns, which form organ systems (800 below). 


5) Lorpe mullicollulor organiane (@.g. squirrels) have different custerne inside them 
for exchanging and treneporting materials. 


Similar Cells are Organised into Tissues | 


A tissue i a group of similar cells that work together to carry out a particular function. 
W oan inolude more than one type of oll, 


In mammals (like humans), examples of tissues include: 

1) Muscular tissue, which contracts (shortens) to move whatever it’s attached to. 

2) Glandular tissue, which makes and secretes chemicals like enzymes and hormones. 
. which covers some parts of the body, @.g. the inside of the gut. 


Tissues are Organised into Organs | 


An organ is a group of different tigeues that work together to perform a certain function. 
For example, the stomach is an organ made of these tissues: 
1) Musoulor tissue, which moves the stomach wall to churn up the food. 
2) Glandular tissue, which makes digestive juloos to digest food, 
8) Epithelial tissue, which covers the outside and inside of the stomach. 


Organs are Organised into Organ Systems _ 
‘An organ system is a group of organs working together Salivary glanda~ / 
{o perform a particular function. 
For example, the digestive system (found in humane and other mammals) 
breaks down and absorbs food. It's made up of these organs: 
1) Glands (e.g. the pancreas and salivary glands), 
which produce digestive juices. 
2) The stomach and small intestine, which digest food, 
8) The liver, which produces bile. 
4) The small intestine, which absorbs soluble food molecules. 
5) The large intestine, which absorbs water from undigested food, 
leaving faeces. 
Organ systems work together to make entire organisms. 


Soft and quilted — the best kind of tissues... 


So in summary, an organism consists of organ systems, which are groups of organs, which are made of tissues, 
which are groups of cells working together, Now just for the thrill of it, here's a practice question 
QI The bladder is an organ. Explain what this means [2 marks] 
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Enzymes 


Chemical reactions are what make you work, And enzymes are what make them work. 


Enzymes Are Catalysts Produced by Living Things 


1) Living things have thousands of different chemical reaotions going on inside them all the fime. 

These reactions need to be evre/illy controlled — to get the righ! amounts of substances, 
2) You can usually mi action happen more quickly by raising the tempersture. This would speed 
up the useful reaot I. 's algo a limit to how far 
you can raise the temperature inside a living creature before its colle start getting darmaved. 
80... living things produce eneyines that act as biolopioel enlalysty. Enzymes reduce the need for 
high temperatures and we only have enzymes to speed up the \olul cheinioel rouctions in the body. 


4) Enzymes aro all urge proteine and all proteine aro made up of chisine of yinine svi. 
These chains are folded into uniaue shapes, which enzymes noed to do their jobs (see blow). 


Enzymes Have Special Shapes So They Can Catalyse Reactions 


1) Chernical reactions usually involve things either being gplit apart or 
2) Evacy enzyme hes an aofive ita with o unique ships thet fia onto the subetanoe Involved in « rection. 


98) Enzymes aro really picky — they uoually only catalyse one opwcificranotion. 91/1 
4) This is because, for the enzyme to work, the substrate has to fit into its 
doosn't match the enzyme's wotive sit 


‘Thi diagram shows the "look and key’ 


model of enzyme action. This is simpler pps ote 

than how enzymes actually work, =< 

In reality, the active site changes shape =) — 
a little av the substrate binds to it 

to get a fighter fit. This is called the eedyne ne enaymme vhcharged in, A Teadtion 


“ingluoed fi’ model of enzyme action. 


5) 


Enzymes Need the Right Temperature and pH 
Thess the eptmum tem — 1) Changing the temperature changes the rate of an enzyme-catalysed reaction. 


8] — shrew mm 9) Like with any reaction, a higher temperature inoreanes the rate at frat. 
Fi But if it gets 4o0 hot, some of the bonds holding the enzyme together 
z brook. This changes the shape of the enzyme's aotive site, 90 the substrate 
2 won't fit any more. The enzyme is said to be denatured. 
oc 7c ny 8) All enzymes have an optimum temperature that they work best at. 
4) The pH also affects enzymes. If it's too high or too low, a Spin 
the pH interferes with the bonds holding the enzyme together. bird oH 


This changes the shape of the active site and denaturee the enzyme. 
5) a i enzymes have an optimum pH that they work best at. It's offen neutral pH 7, 
ut not always — e.g. pepsin is an enzyme used to break down proteins 7H 
: the stomach. H works best at pH_2, which means it’s well-suited to the acidic conditions there. 


If only enzymes could speed up revision... 
Make sure you use the special terms like ‘active site’ and ‘denatured’ — the examiners will love it 
QI Explain why enzymes have an optimum pH. [2 marks} 
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Investigating Enzymatic Reactions 


You'll coon know how fo investigate the effect of pH on the rate of enzyme aotivily... | bet you're thrilled. 


You Can Investigate the Effect of pH on Enzyme Activity | (emcriem,) 


The enzyme smulsse catalyses the breakdown of vinrch to maltose. 1's easy to detect starch vs iodine 

solution — if starch is present, browny-orange 

to blue-bleck, This is how you ean investigate how pH al 

1) Put a drop of iodine solution into every well of a spotting tile. 

2) Place a Bunsen burner on a heal-proof mat, and a tripod and gauze over the 
Bunsen burner. Put a beaker of waior on top of the tripod and joa) the water 
until it is G5 “© (use @ thermometer fo measure 
the temperature). Try to keep the temperature of mixture sampled 
the water vonstan! throughout the experiment. eae 30 seconds 

8) Use o syringe to add 1 om? of arnulose solution dropping 
and 1 em? of a bulfor solution with NA ipa 
boiling tube. Using fest jube holders, drop of iodine 

into the beaker of water and wait for five minutes, soltion 


Noxt, use a different syringe to add 6 om* ZEEE potting tle 


‘of a ploroh sobilion to the boiling tube, 

5) Immediately roi the contents of the boiling tube and start a sion olock. 

6) Use continuous sampling #0 record teat it takes for the amylase to break down all of the starch. 
To do this, use a dropping pipette to take @ {reeh sample from the boiling tube every 90 seoonds and 
put a dep Into a well. When the lodine solution remnins browny-orange, 

7) Honea the whole experiment with buffer solutions of different pit valiwen 

to see how pH afloots the time taken is the starch to be broken down, = = 

Remember to von iro! ony variables em 

and volume of amylase solution) to pe it @ fair test. 


4) 


rch In no longer present. 


_Here’s How to Calculate the Rate of Reaction 


1) H's offen useful to caloulate the ‘an experiment. 
Rate is. a measure of how much something changes over time. 


2) For the experiment above, you can caloulate the rate of reaction using thio formula: 


Eg. 
© (Ai pHa, the dime taken for amylase fo break down 
was 90 seconds. So the rate of the reaction 


8) If an experiment measures how much something changes over time, you caloulate the 
rate of reaction by dividing the amount that it has changed by the lime taken. 


PexanPe: ‘The enzyme catalase catalyses the breakdown of hydrogen peroxide into water 
and oxygen. During an investigation into the activity of catalase, 24 em? of oxygen was 
released in 50 seconds (3). Calculate the rate of the reaction. Write your answer in cm’/s. 
‘Amount of product formed = change = 24 em? 

Rate of reaction = change + time = 24 cm? +50 s = O48 cm’/s 


Mad scientists — they’re experi-mental... 


You could easily adupt this experiment to investigate how factors other than pH affect the rate of amylase activity 


For example, you could use a water bath set to different temperatures to investigate th of temperature. 
QI Anenzyme-controlled reaction was carried out at pH 4, After 60 seconds, 
33 em’ of product had been released. Calculate the rate of reaction in em’. [1 mark] 
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Enzymes and Digestion 


The enzymes uved in digestion are produced by gals an then released int the gut to mx wth food. 


1) Starch, proteine and fats are big to pass through the walle ofthe digestive 
Sit, 00 Agatti anaytiad brook: ioe BIO troleoulen down tte wer ens We igre sig. hvnens 
and maltose), amino acids, glycerol and fatty acids. These smaller, soluble molecules can pass easily 
through the walls of the digestive system, allowing them to be absorbed into the bloodatream. 


| Carbohydrases Convert Carbohydrates into Simple Sugars. 
Anylove is an example of a curbohudease. I breaks down sturch. 


[Starch — >> Ra- Maltose 


enzyme | ond oiler eugors, eden 
Amylase is made in heer places: 
1) The salivary glands 2) The pancreas 8) The gmoll intestine 


Proteases Convert Proteins into Amino Acids 


Protease| 
Pro a 
"O fenzymes]> OZR 
re made in three places: 1) The slomach (i's called pepsin there) 


2) Tho ponoreny 
8) The small intestine 


Protea 


Lipases Convert Lipids into Glycerol and Fatty Acids | 


{Lipid] Lipase 
sim — > 
(Giyoerot & Fatty acide 


Lipases are made in fwo places: 1) The pancrean 2) The small intestine 


2) The body makes good use of the products of digestion. They can be used to make new carbohydrates, 
proteins and lipids. Some of the glucose (a carbohydrate) that's made is used in respiration (see p.61). 


Bile Neutralises the Stomach Acid and Emulsifies Fats 


1) Bile is produced in the liver. It's stored in the gall bladder before it's released into the small intestine. 
2) The hydrochloric acid in the stomach makes the pH foo acidic for enzymes in the small intestine 

to work properly. Bile is alkaline — it neutralises the acid and makes conditions alkaline. 

‘The enzymes in the small intestine work best in these alkaline conditions. 
8) It emulsifies fats. In other words it breaks the fat into tiny droplets. This gives a much 

bigger surface ares of fat for the enzyme lipase to work on — which makes its digestion faster. 


What do you call an acid that’s eaten all the pies... 
Make sure you know the examples of amylase, protease and lipase, and the reactions that they catalyse. 
QI Bile isa product of the liver. Describe and explain its role in digestion. [4 marks} 
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- ‘MoreonEnzymesand Digestion 
80 now you know what the enzymes do, here's @ nice big picture of the whole of the digestive system. 


The Breakdown of Food is Catalysed by Enzymes ] 


1) Enzymes used in the digestive system are produced by specialised cells in glands and in the gut lining. 
2) Different enzymes catalyse the breakslown of different food molecules. 


Tongue 


1) Ht pummels the food with its 
muscular walls. 

2) It produces the protease 
enzyme, pepsin. 


Liver 
— 8) It produces hydrochloric noid 
Where ble for two rescone: 
reais | ) To kil bacteria 
b) To give the right pH for the 
‘stomach acid and La drone eed 
emulsifies fats. (pH 2 — noidic). 
Gall bladder | Pancreas | 
Where bile is stored, Produces protease, amylase 
before on and lipase enzymes. It releases 


these into the small infesting. 


1) Produces pratense, amylase 
And lipase enzymes to 
complete digestion. 
2) This is also where the 
digested food is absorbed 
out of the digestive system 
into the blood. 


{fevves (made up mainly of indigestible food) are 
lovee before they bid you a fond farewell through the sn. 


Mmmm — so who’s for a chocolate digestive... 


Did you know that the whole of your digestive system is actually a hole that goes right through your body. 
Think about it. It just gets loads of food, digestive juices and enzymes piled into it. Most of it's then absorbed 
into the body and the rest is politely stored for removal, 

QI Name the three parts of the digestive system that produce protease enzymes. [3 marks} 
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There are some clever ways to identify what type of food molecule a sample contains. For each of the tests, 
you need fo prepare a food sample. It’s the same each time though — here's what you'd do: 


1) Get a piece of food and break it up using @ pestle and mortar. az 
2) Transfer the ground up food fo a beaker and add some distilled water. a 


8) Give the mixture a good clir with a glass rod to dissolve some of the food. 
4) Fillor the solution using a funnel lined with filter paper to got rid of the golid bits of food. §— “= 


Use the Benedict's Test to Test for Sugars | 


Sugoe are found inal sorte of foods euch we Hecule, cara! and bread. There ar two types of eugare 

and reducing. You can test for reduoing sugars in foods using the Benedict's font: 

1) Prepare a food sample and transfer 5 om" to a teat tube, 

2) Prepare a water bath 90 that it's set to 75 °C. 

8) Add come Benodio!’s olution 40 the fest tube (about 10 drops) using a pipette. 

4) Place tho test tube in the water bath using a test tube holder and leave it in there for 5 minutos. 
Moke cure the tube ia pointing away from you. 

5) If the food sample contains a reducing sugar, the solution in the fest tube will change from the normal 
blue colour fo green, yellow oF briok-red — it depends on how much sugar is in the food. 


Use Iodine Solution to Test for Starch | 
You can also check food samples for the presence of gtarch. Foods like pasta, rice and potatoes contain 
alot of starch, Here's how to do the teat: 


1) Make a food sample and transfer & om" of your sample to a test tube, 
2) Then add a few drops of jodine solution and gently shake the tube to mix the contents. If the sample 
contains starch, the colour of the solution will change from browny-orange to black or blue-black. 


Use the Biuret Test to Test for Proteins 

You can use the biuret tect to see if a type of food contains protein. 

Meat and cheese are protein rich and good foods to use in this fest. Here's how it's done: 

1) Prepare a sample of your food and transfer 2 om” of your sample to a test tube. 

2) Add 2 om? of biuret solution to the sample and mix the contents of the tube by gently choking it. 


8) If the food sample contains protein, the solution will change from blue to pink or purple. 
If no protein is present, the solution will stay blue. 


|_Use the Sudan III Test to Test for Lipids | a 


Lipids are found in foods such as olive oil, margarine and milk. 
You can test for the presence of lipids in a food using Sudan III stain solution. 
1) Prepare a sample of the food you're testing (but you don't need to filter it). ) 


Transfer about 5 om’ into a test tube, 


2) Use a pipette to add 3 drops of Sudan III stain solution fo the test tube and gently shake the tube. 
3) 


Sudan III stain solution stains lipids. If the sample contains lipids, the mixture will separate out into 
wo layers. The fop layer will be bright red. If no lipids are present, no separate red layer will form 
at the top of the liquid. 


All this talk of food is making me hungry... 
Make sure you do a risk assessment before starting these tests — there are a lot of chemicals to use here. 
QI Name the chemical that you would use to test a sample for the presence of starch, [1 mark] 
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The Lungs | 


You need to get oxygen info your bloodstream to supply your oolls for respiration. You also need to get rid 
of carbon dioxide from your blood. This all happens in your lungs when you breathe air in and out. 


The Lungs Are in the Thorax | 


1) The thorax is the top part of your body. 

2) t's separated from the lower part of the body by the diaphragm. 

8). Tho lungs are ike big pink sponges and are protected by the ribcage. 
They're surrounded by the pleural membranes. 

4) Tho oir that you breathe in goos through the irachea. 
Thie eplite into two tubes called bronchi (each one is 
a bronchus), one going to each lung. 

5) Tho bronchi split into progressively smaller tubos 
called bronchioles. 

6). The bronchioles finally end at emall bage called glvaoli Fond 
whore the gos exchange takes place (see below). 


Alveoli Carry Out Gas Exchange in the Body — aK 


1) The lungs contain millions and millions of litle air sacs oalled alveoli, surrounded 
by @ network of blood capillaries. This in wher happens. 

2) The blood passing next fo the alveoli has just returned to the lunge from 
the rest of the body, 6o it contains loty of carbon dioxide and very little 
‘oxygen. Oxygen diffuses out of the alveolus (high concentration) into the 
blood (low concentration). Carbon dioxide diffuses out of the blood (high 
concentration) into the alveolug (low concentration) to be breathed out. 

8) When the blood reaches body oolls oxygen is 
released from the red blood cells (where there's a high concentration) 
and diffuses into the body cells (where the concentration is low). 

4) At the same time, carbon dioxide diffuses out of the body cells (where 
thero's a high concentration) into the blood (where there's a low 
concentration). It's then carried back to the lungs. 


You Can Calculate the Breathing Rate in Breaths Per Minute 


Rate caloulations pop up all the time in biology, and you're expeoted to know how to do thom — thankfully 
they're pretty easy. Breathing rate is the sort of thing that you could get asked to work out in your exam. 


Bob takes 91 breaths in 7 minutes, Calculate his average breathing rate in breaths per minute. 
breaths per minute = number of breaths + number of minutes 

=N+7 

= 13 breaths per minute 


Stop huffing and puffing and just learn it. 
Alveoli are really well adapted for carrying out gas exchange. It could be a wise move to learn all about exactly 
how they're adapted. You met them back on page 24, 40 head back there if you need a reminder. 


QI During a 12 minute run, Aagib took 495 breaths. 
Calculate his average breathing rate in breaths per minute. [1 mark] 
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Circulatory System — The Heart 
The circulatory system carries food and oxygen to every cell in the body. As well as being a delivery service, 
it's also a waste collection service — it carries waste products to where they can be removed from the body. 


_The DOUBLE Circulatory System, Actually | [Longe] 


The circulatory syctem ic made up of the heart, blood vessels and blood. 

Humans have @ double circulatory system — two circuits joined together: 

1) In the first one, the right ventriole (see below) pumps deoxygenated blood (blood 
without oxygen) to the lungs to take in oxygen. The blood then returns to the heart. 

2) In the second one, the left ventricle (see below) pumps oxygenated blood around all 
the othor organe of the body. The blood givas up its oxygen at the body cells and 
the deoxygenated blood returns to the heart to be pumped out to the lunge again. 


| The Heart Contracts to Pump Blood Around The Body | 


1) The heart is a pumping organ that keeps the blood flowing around 
the body. The walls of the heart are mostly made of musole tissue. 
2) The hoart has valves to make sure that blood flows in 
‘the right direction — they prevent it flowing backwarda. 
8) This is how the hoart uses its four chambers (right atrium, 
right ventricle, loft atrium and left ventricle) to pump blood around: 


{ Rest of Body) 


1) Blood flows into the two atria from the 
vena cava and the pulmonary vein. 

2) The atria contraot, pushing 
the blood into the ventricles. 

3) The ventrioles contract, forcing the Right 
blood into the pulmonary artery and Side 
tho aorta, and out of the heart. 

4) The blood then flows to the organs through 
arteries, and returne through veing (see next page). 


5) The atria fil again and the whole oycle atarte over. Pivipdeel 
The heart also needs its «wn» supply of oxygenated blood iguauage 


Arteries called coronary artorioe branch off the aorta and ourround 
the heart, making sure that it gets all the oxygenated blood it needs. 


of the person 


whose heart itis) 


The Heart Has a Pacemaker | 


1) Your resting heart rate is controlled by a group of cells in the right atrium wall that act as a pacemaker. 

2) These cells produce a small electric impulse which epreads to the 
surrounding muscle cells, causing them to contract. 

3) An is often used fo control heartbeat if the natural pacemaker cells don't work properly 
(e.g. if the patient has an |. H's a litle device that's implanted under the skin and has 
‘a wire going to the heart. It produces an electric current to keep the heart beating regularly. 


Okay — let’s get to the heart of the matter... 


Interes 


1g fact — when doctors use a stethoscope to listen to your heart, i's the valves closing that they hear 


QI Which chamber of the heart pumps deoxygenated blood to the lungs? [1 mark] 
2 What is the function of the coronary arteries? [1 mark] 
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Circulatory System — Blood Vessels 


Want fo know more about the circulalory suslem... Good. Because here's a whole extra page. 
Blood Vessels are Designed for Their Function 


There are three different fypes of blood vessel: Ren 
1) ARTERIES — these carry the blood away from the heart. 


2) CAPILLARIES — these are involved in the exchange of materials at the tissues. 
8) VEINS — these carry the blood fo the heart. 


Arteries Carry Blood Under Pressure 


1) The heart pumps the blood out at high pressure so the 
walls are gtrong and elantic. 
2) The walls are thick compared to the size of the hole 
down the middle (the “lumen” — silly namet). 
8) Thoy contain thiok layers of musole to make them strong, 
‘and olastio fibres to allow them to strotoh and apring back. 


das 
and smooth 


Capillaries are Really Small | 

7 1) Arteries branch into capillaries. 

2) Capillaries aro really tiny — too emall to see. 

3) Seay cry Hood han a cl the 
to exchunge substances 


with them. 

4) They have permeable walls, 20 substances can diffuse in and out. 

5) They supply food and oxygen, and take away waste like CO.. 

6) Their walls are usually only one coll thick. This increases the rate 
of diffusion by docroasing the distanoe over whioh it ocours. 


Veins Take Blood Back to the Heart | 


clastic fibres and emooth muscle 
1) Capillaries eventually join up to form yeing. 
The blood ic at lower pressure in the voing so the 
walle don't need 40 be as thick as artery walls, 
2) They have a bigger lumen than arteries to 
help the blood flow despite the lower pressure, 
8) They also have valves to help keep the blood sas} 
flowing in the right direction. 
You Can Calculate the Rate of Blood Flow 
You might get asked 
to calculate the rate of 1464 ml of blood passed through an artery in 4.5 minutes. 
blood flow in your exam. Calculate the rate of blood flow through the artery in ml/min. 
[Thanktuly, tre not foo froky. rate of blood flow = volume of blood + number of minutes 
Take a look at thie example: 21464 + 45 = 325 enlfinin 


Learn this page — don’t struggle in vein... 
Here's an interesting fact for you — your body contains about 60 000 miles of blood vessels, 
QI Describe how veins are adapted to carry blood back to the heart. [2 marks} 
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Circulatory System — Blood 
Blood is @ fissue. One of its jobs is to act as @ huge transport system. There are four main things in blood... 
Red Blood Cells Carry Oxygen | 


1) The job of red blood cells is 4o carry oxygen 
from the lungs to all the cells in the body. 

2) Their shape is a biconcave dise (like a doughnut) — » 
this gives large curface area for absorbing oxygen. 

8) They don’t have # nucleus — this allows more 


hocmn $6 omy, gen: VECO EEOU DOE DOES CEED EEE EUR HEO Er te 
4) They contain a red pigment called haemoglobin. 3 The mare red baad cals yosive ga, the more 


6) In the lungs, heemoglobin binds to 18 abo ygen can get to your cel, AL high litades 
xyhoemoglobin. In body tissues, the reverse happens — 


‘oxyhaomoglobin split wpe haemoglobin and oxygen, 
release oxygen to the gella. 


White Blood Cells Defend Against Infection 


1) Some can change shape to gobble up unwoloome 
microorganisms, in a process called phagooytosis. 


2) Others produoe antibodies to fight microorganiams, ax well av anitoxing 
to noutralige any foxino produced by the microorganisms, 


8) Unlike rad blood cells, they do have # nuclous. 


E there's les 0 


/ 


| Platelets Help Blood Clot 


1) These are gmail fragments of celle. They have no nucleus. 
2) They help the blood fo clot at a wound — to stop all your 
and to stop microorganisms getting in. 
{80 basioally platelets just float about waiting for accidents to happen.) 
8) Lack of platelets can cause exoessive bleeding and bruising. 


| Plasma is the Liquid That Carries Everything in Blood 


This is a pale straw-coloured liquid which ourrion jit about everything: 
1) Red and white blood colls and platelets. 
2) Nutrients like glucose and ainlno vols. 

‘These are the soluble products of digestion which are 

‘absorbed from the gut and taken to the cells of the body. 


8) Carbon dioxide from the organs to the lungs. 
4) \Jveo from the liver fo the kidneys. 
5) Hormones. 


6) Proteins. 
7) Antibodies and anfitoxine produced by the white blood cells. 


Platelets — ideal for small dinners... 


When you're ill the doctor often takes a blood sample for analysis, Blood tests can be used to diagnose loads of 
things — not just disorders of the blood. This is because the blood transports so many chemicals produced by so 
many organs... and its easier to take blood than, say, a piece of muscle. 

QI Describe the purpose of platelets in blood, [1 mark] 


Q2 Outline three ways in which red blood cells are adapted to carry oxygen. [3 marks) 
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Cardiovascular Disease | 


Cardiovasoular disease ie a term used to describe diceaces of the heart or blood vessels, for example coronary 
heart disease. This page tells you all about how stents and stating are used to combat coronary heart disease. 


Stents Keep Arteries Open | 


1) Coronary heart divenee is when the ooronury urlerion that supply the blood to Me" 
‘the muscle of the heart get blocked by layers of fatty material building up. ‘coronary 
the arteries to become ji, 80 blood flow is pw |riclad and wry 
look of oxygen to the heart muscle — thie can result ina 
2) Sante are tubes that are ineerod inside arferias. Thay keep them open, making 
sure blood car poss through to the heart muscles. This keeps the person's hear! benting 
{and the person alive). sieulsie 


%) cits spe cre sro alot 

i. of artery ehrinks, squashing fatty deposit 
0 Ws harder 

normal artery, for blood to »> more 9000 the 
pave through contre ofthe aeery 


3) Sutin ire 0 way of lowering the rok Of a heart attack In people with coronary hoor! dinnuee. 
They are effective for a lone tine and the recovery time from the surgery is relatively quick. 
4) On the down side, there Is a risk of complications during the operation (0.g. heart attack) and a rick 
of infection from surgery. There is also the rick of patients developing a blood clot near the stent — 
this is called thrombosis, 


Statins Reduce Cholesterol in the Blood | 


1) Cholesterol is an essential lipid that your body produces and needs to function properly. However, too 
tmuoh of a certain type of cholesterol (known as ‘bad' or LDL cholesterol) oan cause health problems. 
2) Having too much of this ‘bad’ cholesterol in the bloodstream can cause falty deposits 

to form inside artories, which oan lead to coronary hoart disease. 
8) Stating are druge fat ‘can reduce the amount of ‘bad’ cholesterol present 

in the bloodstream. This slows down the rate of fatty deposits forming. 


Statins Have Advantages and Disadvantages | 


Advantages: Disadvantages 

1) By reducing the amount of ‘bad’ cholesterol in 1) Statine are a long-term drug that must 
the blood, statins can reduoe the risk of strokes, be taken regularly. There's the risk that 
‘coronary heart disease and heart attacks. someone could forget to take them. 

2) As well as reducing the amount of ‘bad’ 2) Statins can sometimes cause 
cholesterol, stating can inorease the amount .8. headaches. 
of a beneficial type of cholesterol (known as ‘good" Sonne ot tisse acl eons cn be 

oF HDL cholesterol) in your bloodstream. This type serious, e.g. kidney failure, liver 

can remove ‘bad’ cholesterol from the blood. damage and memory loss. 

8) Some studies suggest that statins may alco help 8) The effect of statins isn't instant. 
prevent some other diseases. It takes time for their effect to kick in. 


Unlike stents and statins, using CGP books only has advantages... 
Stents and statins might be good treatments for coronary heart disease, but they're not perfect. Make sure you're 
aware of the drawbacks as well as the advantages of each, That way, you'll be covered if they come up in the exam, 


QI a) How can stents be used to reduce the risk of heart attacks 
in people with coronary heart disease? [2 marks] 
b). Suggest two disadvantages of treating patients using stents, [2 marks] 
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More on Cardiovascular Disease | 


‘With more fakery than a ‘Rollecks' watch, this page is about yrlificia! hearts, urtificin! blood 
and replacing her! valves. All a bit gruesome, I'll admit — but i's life-saving stuff. 


| An Artificial Heart Can Pump Blood Around the Body | 


1) Ifa patient has heart failure, doctore may perform a heart tranaplant (or heart and lunge tranaplant if 
the lungs are alco diseased) using donor organs from people who have recently died. However, if donor 
organs aren't available right away or they're not the best option, doctors may fit an artificial heart. 

2) Artificin! hearts are mechanioal devives that pump blood for a person whose own heart has failed. 

They're usually only used as a temporary fix, to keep a person alive until a donor heart can be found or 

to help a person recover by allowing the heart to reat and heal. In some cases though they're used as a 

permanent fix, which reduces the need for a donor heart. 

The main advantage of artificial hearts is that they're loss likely to be rejected by the body's immune 

system than a donor heart. This is because they're made from metals ot plastics, so the body doesn't 

recognise them as ‘foreign’ and attack in the same way as it does with living tissue. 

4) But surgery to fit an artificial heart (as with tranoplant surgery) can lead to bleeding and infection. 

Also, artificial hearts don't work aa well as healthy natural onea — parts of the heart could waor out or 
the eleotrioal motor could fyil. Blood doesn't flow through artificial hearts as gmoothly, which can cause 
blood clots and lead fo strokes. Tho pationt has to take drugs to thin their blood and moke sure this 
doesn't happen, which oan cause problems with bleeding if they're hurt in an accident. 


3) 


_ Faulty Heart Valves Can Be Replaced With Biological or Mechanical Valves | 


1) The valvag in the heart can bo damaged or weakened by hart attaoks, infection or old age, 

2) The damage may cause the valve tissue to stiffen, so it won't open properly. Or a valve may 
become leaky, allowing blood to flow in both directions rather than just forward. This means that 
blood doesn't ciroulate as effectively as normal. 

8) Severe valve damage can be treated by replacing the valve, Replacement valves can be ones taken 
from humans or other mammals (e.g. cows or pigs) — these are biological valves. Or they can be 
man-made — these are mechanical valves. 

4) Replacing a valve is ‘ much loss drastic procedure than a whole heart transplant. But fitting 
artificial valves is still rnajor surgery and there can still be probl blood clots. 


1) When someone Par Jot of ray .g. in an aooident, their heart can still pump the remaining red blood 
lls around (to get oxygen to their organs), as long as the volume of their blood can be topped up. 

2) Arificial blood is « blood substitute, e.g. a salt solution ("saline"), which is used fo replace the 
lost volume of blood. It’s safe (if no air bubbles get into the blood) and can keep people alive even if 
they lose 2/3 of their red blood cells. This may give the patient enough time to produce new blood cells. 
If not, the patient will need a blood transfusion. 

8) Ideally, an artificial blood product would replace the function of the lost red blood cells, so that there's 
no need for a blood transfusion. Soienticts are currently working on products that can do this. 


Pity they can’t fit me an artificial brain before the exam... 

Make sure you know about the consequences of faulty heart valves or heart failure, as well as the advantages and 
disadvantages of the treatments on this page. Obviously if someone is really il, it’s unlikely that they'd turn down 
an artificial heart, artificial blood or a valve replacement — but these treatments aren't perfect. 


QI a)_ Describe how faulty heart valves can lead to poor blood circulation. 2 marks} 
b) Suggest how severe damage to a heart valve can be treated. [1 mark] 
Q2 Suggest one disadvantage of treating coronary heart disease with an artificial heart [1 mark] 
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There's not a great deal about diseases and health problems that you ean laugh about, so excuse me 
if this page is @ bit dull. It's important stuff to know about though, so you'd best get cracking. 


Diseases are a Major Cause of Ill Health 
Health is the otole of physionl and imental wellbeing. Diseases are often responsible for causing il health. 
Diseases Can be Communicable or Non-Communicable 


1) Communicable diseases are those that can spread from person to person or between 
animale and people. They oan be caused by things like becteria, viruses, parasites and 
fungi. They're sometimes desoribed as antago or infectious diseneee. Measles and 
malaria are examples of communicable diseases. There's more about them on pages 46-48, 
Non-communicable diseases are those aa ‘cannot spread between people or between animals 
and poople. They generally Inst for a long time and get worse slowly. Asthma, canoer and 
coronary heart disense (see page 37) aro examples of non-communicable diseases. 


_ Different Types of Disease Sometimes Interact | 


Sometimes diseases can interaot and cause other physical and mental health 
issues that don't immediately seem related. Here are a fow examples: 


1) People who have problems with their immune system (the aystom = cas ia hot 
that your body uses to help fight off infection — sae p.49) have an “iy rirititistini1) 
increased chance of suffering from communicable diseases such as influenza (th, because their 
body is lous likely to be able to defend itself against the pathogen that causes the disease. 
‘Some types of cancer can be triggered by infection by certain viruses. For example, infection 
with come types of hepatitis virus can cause long-term infections in the liver, where the virus lives 
in the cells. This can lead to an increased chanoe of developing liver cancer. Another example 
is infection with HPV (human papilloma virus), which can cause gervioal canoer in women. 
Immune system reactions in the body caused by infection by a pathogen can sometimes trigger 
allergic reactions such as skin rashes or worsen the symptoms of nsthme for asthma sufferers. 
‘Mental health issues such as depression can be triggered when someone is suffering 

physical health problems, partioularly if they have an impact ‘on the pen 's 
or if they affect the person's 


Other Factors Can Also Affect Your Health 

There are plenty of factors other than diseases that can also affect your health. For example: 

1) Whether or not you have @ good, balanced diet that provides your body with everything it 
needs, and in the right amounts. A poor diet oan affect your physical and mental health. 

2) The siross you are under — being constantly under lots of stress can lead to health issues. 

8) Your life situation — for example, whether you have easy access to medicines to treat 
illness, or whether you have access to things that can prevent you from getting ill in the first 


place, e.g. being able to buy healthy food or access condoms to prevent the transmission of 
some sexually transmitted diseases. 


If stress can affect your health, why do we have exams... 

You really need to get the terms communicable and non-communicable disease into your head. 

They could come up in the exam and you'd be really sad if you didn’t understand the question, 

QI Whatis meant by ‘health'? [mark] 


Q2 Why is influenza classed as a communicable disease? {1 mark] 
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Risk Factors for Non-Communicable Diseases 


You've probably heard the term ‘risk factor' before. This page has all the info you need to know about them. 


_ Risk Factors Increase Your Chance of Getting a Disease — 


1) Risk factors are things that are linked 4o an increase in the likelihood that a person will develop a 
cortain disease during their lifetime, They don't gunrantoo that someone will get the disease, 

2) Risk factors are often aspects of a person's lifestyle (e.g. how much exercise they do). They can also 
be the presence of certain substances in the environment (e.g. air pollution) or substances in your body 
(e.g. asbestos fibres — asbestos was a material used in buildings until it was realised that the fibres 
could build up in your airways and cause diseases such as cancer later in life), 

8) Many non-communioable diseases are cauced by ceveral different risk factors interaoting with each other 

rat tha one footer sane, 

Lifestyle factors can have different impacts locally, nationally and globally. E.g. in developed countries, 

non-communicable diseases are more common as people generally have a higher inoome and can buy 

high-fat food. Nationally, people from deprived areas are more likely to smoke, have a poor diet and not 
exercise. This means the incidence of vardiovasoular disense, obesity and Type 2 diabetes ts higher in 
Your individual choices affect the local incidence of disease, 


4) 


those ar 


| _Some Risk Factors Can Cause a Disease Directly | 

1) Some risk factors are able to diraotly cause a disease. For example: 
1) Smoking has been proven to directly cause cardiovasoular disease, lung disease and lung canoer. 
t damages the walls of arteries and the cells in the lining of the lungs. 
1W'e thought that obesity ean direotly cause Type 2 diabetes by making the aes lone sensitive or 
resistant to insulin, meaning that it struggles to control the ponoentration of gluooge in the blood. 
Drinking {00 much alooho! has been shown 40 cause liver disease. Too much aloohol can affect 
brain function too, Ht oan damage the nerve calls in the brain, causing the brain to 
4) Smoking when pregnant can cause lots of health problems for the unborn baby. 


Q) 


3) 


Drinking aloohol has similar effects. 

5) Cancer can be directly caused by exposure to certain anon or radiation. Things that 
‘ause cancer are known as carcinogens. . from X-rays) ie an example 
of a carcinogen. 


2) However, risk factors are identified by scientists looking for correlations in 

(see p.9). Some risk factors aren't capable of di 

‘ond a high fat diet are heavily linked to an increased chance of 

cardiovascular disease, but ay can't cause the disease directly. It’s the resulting high blood pressure 
and high ‘bad’ cholesterol levels (see p.37) that can actually cause it. 


Non-Communicable Diseases Can Be Costly 


1) The HUMAN cost of non-communicable diseases is obvious. Tent of millions of people around the world 
die from non-communicable diseases per year. People with these diseases may have a lowor quality of 

life or a shorter \ifeepen. This not only affects the oufferers themselves, but their |oved ones too. 

It’s also important to think about the FINANCIAL cost. The cost to the NHS of researching and treating 

ieee ci diseases is huge — and it's the same for other heal!/) services and orgenisetions around the world. 

‘Families may have to move oF adapt {heir home to help a family member with a disease, which can be 
costly. Also, if the family member with the disease has fo give up work oF dies, the family's income will 
be reduced. A reduction in the number of people able to work can also affect a country’s economy. 


For example, a 


2) 


Best put down that cake and go fora run... 
You might be asked to interpret data about risk factors. Sce p.9 fora few tips on what you can and can’t say. 
QI Give an example of a type of risk factor other than an aspect of a person's lifestyle. {1 mark] 
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Cancer 


Cancer's not a pleasant topic, but the more we understand about it, the better our chances of avoiding and 
beating it (and getting good marks in the exam). You're a good way through the topic, so keep going. 


Cancer is Caused by Uncontrolled Cell Growth and Division 


This uncontrolled growth and division is a result of changes that ocour to the cells and results in the 
formation of a fumour (a mass of cells). Not all tumours are cancerous. They can be benign or malignant: 


1) Benign — This is where the tumour grows until there's no more room. The tumour stays 
in one place (usually within a membrane) rather than invading other tissues in the body. 
This {ype ian‘ normally dangerous, and the fumour ian't cancerous. 

2) Malignant — This is where the tumour grows and spreads to neighbouring healthy tissues. 
Colle can broak off and spread to other parts of the body by travelling in the bloodstream. 
The malignant cells then invade healthy figsuee elsewhere in the body and form secondary 
fumourg. Malignant tumours are dangerous and ean be fatal — they are ennoers. 


Risk Factors Can Increase the Chance of Some Cancers | 
Anyone can develop canoer. Having risk factors doesn't mean that you'll definitely get canoer. 
11 just moans that you'ro at an lorie tok OF dovoloping the diseao, Canoor survival rates have 


inoneaved due to medical advances such as \nproved jreutment, being able to dingnoue cancer earlior 
and ‘oreneer goreening for the disease, 


| Risk Factors Can Be Associated With Lifestyle | 
Scientists have identified lote of lifestyle risk factors for various types of cancer. For example: 


1) Smoking — t's a well known fact that smoking is linked to lung cancer, ( 
but research has also linked it fo other types of cancer foo, including 
mouth, bowel, stomach and cervical cancer. 


2) Obesity — Obocty has been Inked to manu different osnoer, Inkuding bowel ver @ 


tnd kidney cancer. It's the uecond biggeat preventable onuse of canoer after umoking. 

8) UV exposure — People who are often exposed fo LV radiation from the Sun have an 
increased chance of developing skin cancer. People who live in sunny climates and people 
who spend a lot of time outside are at higher risk of the disease, People who frequently use 
‘sun beds are also putting themselves at higher risk of developing skin cancer, 

4) Viral infection — Infection with some viruses has been shown to increase the chances of 
developing certain types of cancer. For example, infection with hepatitis 8 and hepatitis C 
viruses can increase the risk of developing liver cancer. The likelihood of becoming infected 

‘e.g, they oan be spread between people 


Risk Factors Can Also Be Associated With Genetics ] 


1) Sometimes you can inherit faulty genes that make you more susceptible to cancer. 
2) For example, mutations (changes) in the BRCA genes have been linked to an increased likelihood 
of developing breast and ovarian canoer. 


At least our rubbish summers reduce our UV exposure... 

Joking aside, UV radiation can still reach us through the clouds, and like many other lifestyle risk factors, 

‘we can take steps to reduce the risk, e.g, by keeping covered up outside and wearing sun block. 

Q1— What are tumours the result of? [1 mark] 


Q2 List three lifestyle factors that can increase the risk of developing cancer. [3 marks} 
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Plant Cell Organisation 
You saw on page 27 how animals keep their specialised oells neat and tidy — plants are in on the act foo. 


_ Plant Cells Are Organised Into Tissues And Organs 


Plants are made of organg like stems, roots and leaves. Plant organs work together to mal 
These can perform the various tasks that a plant needs to carry out to survive and grow — for example, 
transporting substances around the plant. Plant organs are made of tissues. Examples of plant tissues are: 
1) Epidermal tissue — this covers the whole plant, 
2) Palisade mesophyll tissue — this is the part of the leaf where most photosynthesis happens. 
8) Spongy mesophyll tissue — this is also in the leaf, and contains big air spaces to allow = 
‘gawes to diffuse in and out of oells. 
4) Xylem and phloem — they transport things like watar, mineral ions and food 
‘around the plant (through the roots, stems and leaves — see next page for more). 
5) Meristem tissue — thie is found at the growing tips of shoots and roots and is able to 
differentiate (change) into lote of different types of plant cell, allowing the plant to grow. w 


er oy 
The Leaf is an Organ Made Up of Several Types of Tissue | ae 
Leaves contain epidermal, mesophyll, xylem and phloem tissues. 
ery rma he 
5 aortas, : 
ae 5 sentoea syst 


‘You need fo know how the siruclures of the tissues that make up the leaf are reluied to their function: 
1) The epidermal tissues are covered with a waxy cuticle, which helps to reduce water loss by evaporation. 
2) The upper epidermis is transparent so that light can pass through it to the palisade layer. 


8) The palisade layer has lots of chloroplasts (the litle suctures where photosynthesis takes place). 
This means that they're near the top of the leaf where they oan get the most light. 


4) The xylem and phloem form a network of vascular bundles, which deliver water and other nutrients to the 
entire leaf and take away the glucose produced by photosynthesis. They also help support the structure. 
5) The tissues of leaves are also adapted for efficient gas exchange (see page 26). E.g. the 
lower epidermis is full of little holes called stomata, which let CO, diffuse directly into the leaf. 
‘The opening and closing of stomata is controlled by guard cells in response to environmental 
conditions. The air spaces in the spongy mesophyll Fissue increase the rate of diffusion of gases. 


Plant cell organisation — millions of members worldwide... 


‘There are a lot of weird names here, so make sure you spend plenty of time on this page. Maybe you 
could draw your own leaf diagram and label it with descriptions of the different tissue types. It would 
make an excellent Christmas present for someone, or an art collector might even want it. 


QI Describe the characteristics of meristem tissue. (2: marks) 
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You might be surprised fo learn that there aren't tiny trucks that transport substances around plants. 
Then again, you might not be — either way, you need to learn the stuff on this page... 


| Phloem Tubes Transport Food: 


1) Made of columns of elongated living cells with small pores: 
jin the end walls to allow cell sap to flow through. 


2) They transport food substances (mainly dissolved sugars) 
made in the leaves to the rest of the plant for immediate 
use (e.g. in growing regions) or for storage. 

8) The transport govs in both directions. 

4) This process ic called translocation. 


being varsportl and wae, 


Xylem Tubes Take Water Up: 


1) Mado of «oui! only joined end to end with oo end 
walle between them and a hole down the midi 
Thoy're strengthened with a material called lenin. 

2) They carry water and rinaral io 
from the roote to the stor and loaves. 

8) The movement of water {rom the 
the xylorn and out of the lonven is ealled the 
transpiration strenin (see below), 


Transpiration is the Loss of Water from the Plant” | 
1) Transpiration ie caused by the and 
diffusion (vee page 20) of water from a plant's surface. 
Most transpiration happens at the leaves. 
2) he ‘evaporation creates a slight shortage of water in 
‘and 60 more water is drawn up from the rest 
by ‘the plant through the sutaealy to replon it. 
8) This in turn means more water uit 11h1 1441 
is drawn up from the roots, and 
so there's a constant transpiration 
stream of water through the plant. 


Transpiration is just a side-effect of the way 
leaves are adapted for photosunthesis. 

They have to have stomata in them o that 
Bases can be exchanged easily (see page 25). 
Because there's more water inside the plant 
‘than in the air outside, the water escapes from 
the leaves through the stomata by diffusion. 


Don’t let revision stress you out — just go with the phloem... 
Phloem transports substances in both directions, but xylem only transports things upwards — xy to the sky. 
QI Describe the structure of xylem, [3 marks} 
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Transpiration and Stomata 
Sorry, more on transpiration. But then it's a quick dash through stomata and out of the other end of the topic. 


Transpiration Rate is Affected by Four Main Things 


1) LIGHT INTENSITY — the brighter the light, the greater the transpiration rate, 
Biomata begin to close as it gets darker. Photosynthesis can't happen in the dark, so they 
don't need to be open fo let CO, in. When the stomata are closed, very litle water can escape. 

2) TEMPERATURE — the warmor it is, the fanter trancpiration happens. 
When it's warm the water particles have more energy to evaporate and diffuse out of the stomata. 

8) AIR FLOW — the bettor the air flow around a leaf (e.g. stronger wind), the greater the transpiration rate. 
If air flow around a leaf ic poor, the water vapour just surrounds the leaf and doesn't move away. 
This meane ther of water particlos outside the loaf ac wall as inside it, 60 
diffusion doesn't happen as quickly, If there's good air flow, the water vapour is swept away, 
maintaining @ low concentration of water in the air outside the leaf, Diffusion then happens quickly, 
from an area of higher concentration to an area of lower concentration. 

4) HUMIDITY — the drior the air around a font, the faster transpiration happens. 
This is ike what happene with air flow. If the air ic humid 
there's a lot of water in it already, 60 thoro's not much of a 
difference between the inside and the outside of the 
Diffusion happens fastost if there's a really high concentration 
in one place, and a really low concentration in the other, 


You can estimate the rate of transpiration by measuring 
the uptake of water by a plant. This is because you can 
assume that water uptake by the plant is directly related 
to water loos by the leaves (transpiration). 

Set up the apparatus as in the diagram, and then record 
the starting position of the air bubble. Start a stopwatch 
and record the distance moved by the bubble per unit time, > 
+ per hour. Keep the conditions constant throughout eel Jot 
experiment, e.g. the temperature and alr humidity. 


reverie of water 


Top fo shut off 
ding 


Guard Cells Are Adapted to Open and Close Stomai 


eurde! 1) They have a kidney shape which opens and closes the stonals (page 26) in a leat, 
2) When the plant has \ol: of water the guard cele fill with it and go plump and reid. 
This makes the stomata open 80 gases ean be exchanged for phiolosun{hsis. 
js), 3) When the plant io shor! of water, the guard cells lose water and become {locois, 
making the stomata close. Thig helps stop too much water vapour escaping. 
4) Thin outer walls and thickened inner walls make the opening and closing work. 
5) They're also sensitive (o light and close a night to save water without losing out 
ed Ta : on photonyothesis, a 
6) You usually find more stomata on the undersides of leaves than on the top. ‘The lower surface is shaded 
and cooler — 60 less water is los! through the stomata than if they were on the upper surface. 
7) Guard cells are therefore adapted for gos exchenge and controlling water loss within a leaf. 


Isay stomaaarta, you say stomaaayta... 


Different leaves will have different distributions of stomata, You can pec! the epidermal tissue off some 
Teaves and mount them on microscope slides (see page 13) to compare them, It's thrilling stuff. 


QI Explain how low light intensity affects the rate of transpiration. [3 marks) 
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Revision Questions for Topic 2 


Well, that’s Topic 2 finished. Now it’s time for the greatest quiz on Earth. Please hold your excitement in. 
* Try these questions and tick off each one when you get it right. 
* When you've done all the questions under a heading and are completely happy with it, tick it off. 


Cell Organisation (p.27) [_] 


1) What is @ fisoue? 
2) Explain what is meant by the term ‘organ system’. 


‘The Role of Enzymes and Food Tests (p.28-32) [_] 
3) Why can enzymes be described as biological catalysts? 


4) Why do enzymes only usually catalyse one reaction? 

5) What does it mean when an enzyme has been ‘denatured’? 

6) Describe how you could investigate the effect of pH on the rate of amylase activity, 

7) List the three places where armylace is made in the human body. 

8) What ia the role of lipasen’? 

9) Where is bile stored’? 

10) Name the solution that you would use to test for the presence of lipids in a food sample, 


The Lungs and Circulatory System (p.33-36) 


NI) Name the tubes that split off the trachea, 
12) Explain the role that alveoli play in gas exchange. 

18) Explain why the circulatory system in humans is described a 
14) Why does the heart have valves’? 

15) Name the four chambers of the heart. 

16) How is the resting heart rate controlled in a healthy heart? 
17) How are arteries adopted to carry blood away from the hoart? 
18) Why do red blood cells not have a nucleus? 


Diseases and Risk Factors (p.37-41) [_] 

19) Give two advantages and two disadvantages of statins, 

20) What is the difference between biological and mechanical replacement heart valves? 
21) What is meant by a non-communicable disease? 

22) Give an example of where different types of disease might interact in the body. 

23) What is meant by a risk factor of a disease? 

24) Which type of tumour is cancerous’? 


Plant Cell Organisation and Transport (p.42-44) 
25) List the tissues that make up a leaf. 

26) Explain how the structure of the upper epidermal tissue in a leaf is related to its function. 
27) What is the function of phloem? 

28) What is transpiration’? 

29) List the four main things that affect transpiration. 

0) How could you meacure the rate of trancpiration?: 

81) Name the type of cell that helps open and close stomata, 


‘double circulatory system’, 
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Communicable Disease 
If you're hoping I'll ease you gently into this new topic... no such luck. Straight on to the baddies of biology. 


_ There Are Several Types of Pathogen | 


1) Pathogens are microorganisms that enter the body and cause disease. 
2) They cause communicable (infectious) diseases — diseases that can easily spread (see p.39). > 
8) Both plants and animale oan be infected by pathogens. = 


1. Bacteria Are Very Small Living Cells | } 


1) Baotoria are very small colle (about 100th the size of your body oolla), 
which can reproduce rapidly inside your body. 


2) Thoy can make you foe! ill by producing toxing (poisons) that 


2. Viruses Are Not Cells — They're Much Smaller | 


1) Virusee are pot celle. They're tiny, about 1/100th the size of a bacterium. Pac 
2) Like bacteria, thoy can reproduce rapidly inside your body. f Py 
8) They live Inside your colle and replicate themselves using (aaa Raa 
tho cole’ machinery to produce many copiet of themcelves. ==” ; €@ “Ry, > 

& 


The coll will usually then burst, releasing all the new viruses. 7 
4) This coll damage is what makes you foal ill, { oe Ve ae 


3. Protists are Single-Celled Eukaryotes 
1) There are lots of different types of protints. But they're all eukuryotos (see page M1) 
and most of them are single-celled. 


2) Sone protists are parasitos. Parasites live on or inside other organisms and can cause them damage. 
often transferred to the organism by a veotor, which doesn't get the disease itself 
n insect that carries the protist. 


4, Fungi Come in Different Shapes 


1) Some fungi are single-celled. Others have a body which is made up of bwiphue (thread-lke etructures). 


2) These hyphae can grow and penetrate humen skin and the surfaoe of plants, causing disnaver. 
8) The hyphae can produce spores, which can be spread to other plants and animals. 


Pathogens Can Be Spread in Different Ways | 


Pathogens can be gpread in many ways. Here are a few that you need to know about. 

1) WATER — Some pathogens can be picked up by drinking or bathing in dirty water. E.g. cholera is a 
bacterial infection that's spread by drinking water contaminated with the diarrhoea of other sufferers. 

2) AIR — Pathogens can be carried in the sir and can then be breathed in. Some airborne pathogens are 
carried in the air in droplets produced when you cough or sneeze — e.g. the influenza virus that causes 
flu is spread this way. 

3) DIRECT CONTACT — Some pathogens can be picked up by fouching contaminated surfaces, including 
the skin. E,g. athlete's foot is a fungus which makes skin itch and flake off. It's most commonly 
spread by touching the same things as an infected person, e.g. shower floors and towels. 


Hooray, I’ve avoided the classic ‘he was a fungi to be with’ joke... 
‘Yuck, lots of nastics out there that can cause disease, Plants ned to be worried too, as you'll find out. 
QI Describe how viruses cause cell damage. [2 marks} 
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Viral, Fungal and Protist Diseases 


There are heaps of diseases caused by viruses, fungi and protists, but you just need to know about these ones. 
You Need to Know About Three Viral Diseases... 


1) Measles is @ viral disease. 11 is spread by droplets from an infected person's sneeze or cough. 

2) People with measles develop a red skin rash, and they'll show signs of a fever (a high temperature). 

8) Measles can be very serious, or even fatal, i there are complications. For example, measles can 
sometimes lead to pneumonia (a lung infection) or a brain infection called encephalitis. 

4) Most people are vaccinated against measles when they're young. 


1) HIV is a virus spread by sexual contact, or by exchanging bodily fluids such as blood. 
This can happen when people share noadles when taking drugs. 

2) HIV initially causes flu-like symptoms for a few weeks. Usually, the person doesn't 
then experience any symptoms for several years. During this time, HIV oan be 
controlled with antiretroviral drugs. These stop the virus replicating in the body. 

jacks the immune cells (see page 49). 


4) If the body's immune aystom is badly damaged, it can't cope with other infections 
‘or cancers. At this stage, the virus is known as late stage HIV infection, or AIDS. 


1) Tobacco mosaio virus (IMY) is a virus that affects many species of plants, e.g. tomatoos. 
2) 'N causes mosaic pattern on the leaves of the plants — parts of the leaves become discoloured. 
3) The discolouration means the plant can't carry out photosynthesis as well, so the virus affects growth. 


Fungal Disease... _ 


1) Rose black spot is « fungus that causes purple or black spots to develop on the leaves = 
of rose plants. Who'd have guessed. The leaves oan then turn yellow and drop off. 
2) This means that less photosynthesis can happen, so the plant doesn't grow very well. 
8) It spreads through the environment in water or by the wind. 
4) Gardeners oan treat the disease using fungioides and by stripping the plant 
of ite affected leaves. These leaves then need to be destroyed so that the 
fungus can't spread to other rose plants, 


«and a Disease Caused by a Protist — 


1) Malaria is caused by a protist (see the previous page). 
2) Part of the malarial protist's life oyole takes place inside the mosquito. The mosquitoes are vectors 
(see the previous page) — they pick up the malarial protist when they feed on an infected animal. 


8) Every time the mosquito feeds on another animal, it infects it by inserting the protist into the 
animal's blood vessels. 


4) Molaria causes repeating episodes of fever. It can be fatal. 
'5) The spread of malaria can be reduced by stopping the mosquitoes from breeding. 


6) People can be protected from mosquitoes using insecticides and mosquito nets. 


I’ve heard this page has gone viral... 
The examiner could grill you on any one of these diseases, so make sure you know them all inside out 
QI What symptom of measles is shown on the skin? [0 mark] 


2 How can rose black spot be treated so that it doesn’t spread to other plants? [2 marks] 
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Bacterial Diseases and Preventing Disease 


Sorry — I'm afraid there are some more diseases to learn about here. This time, they're diseases 
caused by bacteria. 1 don't know about you, but I'm starting to feel a bit itchy all over... 


You Need to Know About Two Bacterial Diseases | 


1) Salmonella ie a type of bacteria that causes food poisoning. 

2) Infected people can suffer from fover, stotnach cramps, vomiing and diarrhooo. Pleasant. 

8) These symptoms are caused by the toxins that the bacteria produce (see page 46). 

4) You can get Salmonella food poisoning by eating food that's been contaminated with 
Salmonella bacteria, e.g. eating chicken that caught the disease whilst it was alive, oF 
eating food that has been contaminated by being prepared in unhygienio conditions. 


5) In the UK, most poultry (e.g. chickens and turkeys) is given a vacoinatlon 


fagoine! Selmonella. Thie is to oontrol the apread of the disease, w 
1) Gonorrhoes is o sexually transmitted disease (STD). 


2) 81Ds are passed on by sexual contact, e.g. having unprotected wox. 

8) Gonorthoea is caused by buotoria, 

4) A.person with gonorrhoea will get pain when they urinate. Another symptom is a thick 
yellow or green discharge from the vagina or the penis. 

5) Gonorthooa was originally treated with an antibiotio oalled peniallin. but this has become 
trickier now because straine of the bacteria have become rosiatant to it (see page 61). 


6) To provent the spread of gonorrhoen, people oan be treated with antibiotios and should 
use barrier mothods of eontraoeption (see page 78), euch as condoms. 


‘There are hinge that we can do to ina ea even ‘paad) the spread of disease. For example: 


1) Boing hygienio — Using simple hygiene measures can prevent the opread of disease. 
For example, doing things like washing your hands thoroughly before preparing food 
or after you've sneezed oan stop you infecting another person. 


2) Destroying vectors — By getting rid of the organioms that spread disease, you can 
prevent the disease from being passed on. Vectors that are insects can be kille 
using insecticides or by destroying their habitat so that they can no longer breed. 


8) 1wolating infooted individuals — If you ioolate someone who has @ 
communicable disease, it prevente them from passing it on to anyone else. 


4) Vaccination — Vaccinating people and animals against communicable 
diseases means that they can't develop the infection and then pass it on 
to someone else. There's more about how vaccination worke on page 50. 


The spread of disease — mouldy margarine... 

OK, I promise, that's it. No more diseases to learn about in this Topic. You may be sick of them already (geddit?) 
but don’t turn this page until you've got all the facts firmly attached to your eranial material. 

QL What has made it harder to treat gonorrhoea? [1 mark] 


Q2__It is important for chefs to wash their hands thoroughly before cooking. Suggest why. [1 mark] 
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Fighting Disease | 


The human body has come pretty neat features when it comes to fighting disease. 


Your Body Has a Pretty Sophisticated Defence System 


1) The human body has got features that stop a lot of nasties getting inside in the first place. 

2) The skin acts as a barrier to pathogens. If also secretes antimicrobial substances which kill pathogens. 
8) Haire and mucus in your nose jrap particles that could contain pathogens. 

4) The {rachen and bronchi (breathing pipework — see page 33) seorete mucus to trap pathogens. 


5) The trachea and bronchi are lined with gilig. These are hair-like structures, which woft the muous up to the 
back of the throat where it oan be swallowed. 


6) Tho stomach produoes hydrochloric acid. This kills pathogens that make it that far from the mouth. 


Your Immune System Can Attack Pathogens | 


1) If pathogens do make it into your body, your |mmune system kicks in to destroy them. 


2) The most important part of your immune syotem is the white blood celle. They travel around in your 
blood and craw! into every part of you, constantly patrolling for microbes. When they come across 
‘an invading microbe they have three line of attack, 


1. Consuming Them pathogen 
White blood cells can engulf foreign celle and digest them. — whitg — > ‘ee (= 
This is called phagocytosis. blood cell eg 

2. Producing Antibodies 


1) Every invading pathogen has unique molecules (called antigens) on ite aurface, 

2) When some types of white blood coll come noross a foraign antigen (i,8. one they don't recognise), 
they will start to produce proteine called antibodies to lock onto the invading cells so that they can be 
found and destroyed by other white blood cells. The antibodies produced are specific to that type of 
antigen — they won't look on 0 any others, 

8) Antibodies are then produced rapidly and carried around the body to find all similar bacteria or viruses. 

4) If the person io infected with the same pathogen again the white blood cells will rapidly produce 
the antibodies to kill it — the person is naturally immune to that pathogen and won't get ill, 


antigens, new pethogan antibodies 


white blood cell new antibodies 


3. Producing Antitoxins — ‘These counteract toxins produced by the invading bacteria. 


Fight disease — blow your nose with boxing gloves... 
If you have a low level of white blood cells, you'll be more susceptible to infections, HIV a 
white blood cells and weakens the immune system, making it easier for other pathogens to invade. 

Ql Whar is phagocytosis? [1 mark] 


Q2 How are the trachea and the bronchi adapted to defend against the entry of pathogens? [3 marks] 
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Fighting Disease — Vaccination | 


Vaccinations have changed the way we fight disease. We don't always have to deal 
with the problem once it’s happened — we can prevent it happening in the first place. 


Vaccination — Protects from Future Infections | 


1) When you're infected with a new pathogen, it takes your white blood cells a few days to learn 
how to deal with it. But by that fime, you can be pretty ill. 

2) Vaccinations involve injecting small amounts of dead or inactive pathogens. These carry antigens, 
which cause your body to produce antibodies to attack them — even though the pathogen is harmless 
(since it's dead oF inactive). For example, the MMR vaccine contains weakened versions of the viruses 
‘that cause measles, mumps and rubella (German measles) all in one vaccine. 

8) But if live pathogens of the same type appear after that, the white blood cells can rapidly 
mass-produce antibodies to kill off the pathogen. Cool. 


weakened measles 


pales — {live measles 
< i» +5 60 YOU 
7 \ pathogens. ; 
om) try to attack... don't got ill. 

f aR J 
/ ty antibodi ig 

mente roy “IES 

¢ 


\@) 7 wos they are quickly 
ea recognised and attacked 
"white blood cell by antibodies... 


There are Pros and Cons of Vaccination | 


pros 

1) Vacoines have helped control lots of communicable diseases that were once common 
in the UK (e.g. polio, measles, whooping cough, rubella, mumps, tetanus...). 
‘Smallpox no longer occurs at all, and polio infections have fallen by 99%. 

2) Big outbreaks of dicense — called epidemics — oan be prevented if a large 
percentage of the population is vaccinated, That way, even the people who aren't 
vaccinated are unlikely to catch the disease because there are fewer people able to 
poss it on. But if a significant number of people aren't vaccinated, the disease can 
spread quickly through them and lots of people will be ill at the same time. 


CONS 

1) Vaccines don't always work — sometimes they don't give you immunity. 

2) You can sometimes have a bad reaction to @ vaceine (e.g. swelling, or maybe 
‘something more serious like a fever or seizures). But bad reactions are very rare. 


Prevention is better than cure. 
g whether to have a vaccination means balancing risks — the risk of catching the disease if you don’t 

have a vaccine, against the risk of having a bad reaction if you do. As always, you need to look at the evidence. 

For example, if you get measles (the disease), there's about a 1 in 15 chance that you'll get complications 

(c.g. pneumonia) — and about 1 in 500 people who get measles actually die. However, the number of people who 
have a problem with the vaccine is more like 1 in 1 000 000, 

QI What do vaccinations stimulate white blood cells to produce? {1 mark] 
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Fighting Disease — Drugs | 


+a bisouif, nurse? Thanks very much. Sorry, couldn't face that last page — I'm squeamich about needles.* 


Some Drugs Relieve Symptoms — Others Cure the Problem ] 
y 


Painkillers (e.g. aspirin) are druge that relieve pain (no, really). However, they don't actually ~ 
tackle the cause of the disease or kill pathogens, they just help to reduce the symptoms. 
2) Othor drugs do a similar kind of thing — reduce the symptoms without tackling the 
underlying cause. For example, lots of “oold remedios” don't actually cure colds. 
8) Antibiotios (e.g. penicillin) work differently — they actually kill (or prevent the growth of) 
the bacteria causing the problem without killing your own body cells. Different antibiotics kill 
different types of bacteria, ¢o it's important to be treated with the right one. 
4) But antibiotics don't destroy viruses (0.g. fly or gold viruses), Viruses reproduce using your body cells, 
which makes it very difficult to develop wings that destroy just the virus without killing the body's cells. 
5) Tho use of antibiotios has greatly reduoed the number of deaths from communicable diseases 
caused by bacteria. 


Bacteria Can Become Resistant to Antibiotics 


1) Baoteria oun mutate — sometimes the mutations cause them to be resistant to (not killed by) an antibiotic. 
2) If you have an infection, some of the bacteria might be resistant to antibiotics. 
8) This means that when you treat the infection, only the non-resistant straine of bacteria will be killed. 


4) The individual rosistant bacteria will survive and reproduce, and the population of the resistant train 
will increase. This is an example of natural selection (see page 96), 


5) This resistant strain could cause @ gerioue infection that can't be treated by antibiotics. 
E.g. MR9A (meticilin-resistant Staphylococous aureus) causes serious wound infections 
and ic resistant to the powerful antibiotic metivillin. 


@) To slow down the rate of development of resistant strains, it's important for dootors to avoid 
over-prescribing antibiotics. So you won't get them for a gore throat, only for something more serious. 


It's also important that you finish the whole course of antibiotics and don't just stop once you feel better. 


Many Drugs Originally Came From Plants — 


1) Plante produce variety of chemicals 40 defend themselves against pests: and pathogens (see page 55). 
2) Some of these chemicals can be used as drugs #0 troo| human diseases oF relieve symploms. 
A lot of our curren) modinines were discovered by studying plants used in {rorltional ures. For exampl 


it was developed from a chemical found in 
't was developed from @ chemical found in 


8) Some drugs were extracted from inicroorgonivms. For example: 


* Alexander Fleming was clearing out some Petri dishes containing becierie. He noticed that one of 
‘the dishes of bacteria also had mould on it and the grey around the mould was free of the beoteria. 
+ He found that the (called Penicillium notatum) on the Petti di 
producing @ substance that killed the bacteria — this eubstance was ponicili 
4) These days, drugs are made on a large scale in the pharmacoulical induelry — they're synthesised by 
chemists in labs. However, the process still might start with a chemical x\ractod from a plan|. 


7) 


Ahh...Ahh... Ahhhhh Choooooo00 — urghh, this page is catching... 
Drug development isa big industry. And guess what — you're about to find out some more about it, 
QI Which type of pathogen can antibiotics be used to kill? [1 mark] 
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Developing Drugs 


New druge are constantly being developed. But before they can be given to the general public, 
they have fo go through a thorough testing procedure. This is what usually happens... 


There are Three Main Stages in Drug Testing 


©@ 1) In prectinical testing, druge are tested on human colle and ficsued in the lab. 
2) However, you can't use human cells and tissues to test drugs that affect 
whole or body systems, .g, testing a drug for blood pressure must 
ra gt ona ila anal eceuralt hana gest (okey ar ee 


@® 1) thenext step in prectinical testing is to teat the drug on live animals. 
This is to foot officacy (whethor the drug works and produces tho effect 
{you're looking for), 40 find out about its toxicity (how harmful it io) and eS 
to find the best dosage (the concentration that should be given, and how 
often it should be given). 
2) The law in Britain ctatos that any new drug must be tected on two different 
.. Some people think it's crusl to test on animale, but others 
bolieve this is the safest way to make sure a drug isn't dangerous before 
it's given to humans. 


so dierent ho 


@® 1) tthe drug passes the tosts on animals then it's teoted on human voluntoars in a olinioal tial. 

2) First, the drug i tested on hoalthy volunteers. This is to make sure that it doesn't have 
‘any barmful side effects when the body is working normally. At the start of the trial, 
very low dose of the drug is given and this is gradually increased. 

3) If the results of the toate on healthy voluntoors are good, the drugs can be tested on people 
suffering from the illness. The optimum dose is found — thie ie the dose of drug that ie the 
most effective and has few side effects. 

4) To tect how well the drug works, patients are randomly put into two groupe. One is given the 
new drug, the other is given a placebo (a substance that's like the drug being tested but 
doesn't do anything). This ie so the doctor can see the actual difference the drug makes 
— it allows for the placebo effect (when the patient expects the treatment to work and so 
fools better, even though the treatment ien't doing anything). 

5) Clinical trials are blind — the patient in the study doen't know whether they're geting the drug 
or the placebo. In fact, they're often double-blind — neither the patient nor the dootor 
knows until ell the reaulte have been gathered. Thie is 60 the doctors monitoring the patients 
‘and analysing the results aren't subconsciously influenced by their knowledge. 

6) The results of drug testing and drug trials aren't 
published until they've been through peer review. 
This helps to prevent false claims. 


The placebo effect doesn’t work with revision... 

‘you can’t just expect to get a good mark and then magically get it. I know, I know, there's a lot of information to 
ce in on this page, but just read it through slowly. There's nothing too tricky here — it's just a case of going over 
itagain and again until you've got it all firmly lodged in your memory. 


QI What is meant by the efficacy of a drug? [1 mark] 
2 Why do clinical trials of a new drug begin with healthy volunteers? [1 mark] 
Q3—_ Why must the results from drug testing be assessed by peer review? [1 mark] 
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Antibodies aren't only used by the immune system — scientists have engineered them for lots of new uses. 
“Monoclonal Antibodies are Identical Antibodies _ 
1). Antibodies are produced by B-lymphocytes — a type of while jo. jel with 
blood cell (see page 49). chosen angen 
2) Monoclonal antibodies are produced from lots of clones of a single 
white blood cell. This means all the antibodies are identical and 
will only target one specific protein antigen. 
8) However, you can't just grab the lymphooyte that made the 
antibody and grow more — lymphooylos don't divide very ansily. y 
4) Tumour cells, on the other hand, don't produce antibodies Beipmphooyte, x6) “iad gl 


but divide lotg — ¢o they can be grown really easily. ‘neil 
5) It's possible to fuse a mouse B-lymphooyte with a tumour cell 4 
to create a ool called « hybridoma. 
6) Hybridoma cells can be cloned to get lots of identical cells, ~—e \ 
Those cells all produce the samo antibodies (monoclonal antibodien), —')"" eo" 
The antibodies can be collected and purified. 
You can make monoclonal antibodies that bind to anything Lf is 


{you want, e.g. an antigon that’s only found on the surface of 
‘on0 type of gall, Monoclonal antibodive aro really useful boone <3) —> 
‘they will only bind to (target) this molecule — this means you 1k divides quickly to produe 
can uve them to target a epecifio cell or chemical in the body, prods oe ronal sk 


"Monoclonal Antibodies Are Used In Pregnancy Tests | 
Dot where you wee tet strip led HCG is found in the urine of women sly 
Pregnancy testing sticks detect thie 


+ —“* pregnant. 
OG weet , hormone. Here's how they work: 


stuck to 


oO: blue brad ea 1) The bit of the stick you wee on has some antibodies to the 
— blue beads attached. 


7 


hormone, with 


anvbody suck 4" 9) The teat olvip (the bit of the stick that turns blue 
if you're pregnant) has some more antibodies to the 
hormone stuck onto it (so that they can't move). 


=F 
Cia re ce, SET") yout pregnant and you wee onthe stick 


If you're pregnant: 


hermone stuck to antvedy suck to bead 


a? litre The hormone binds to the antibodies on the blue beads. 
oF iow ot lqad + The urine moveo up the atiok, carrying the hormone 
Tard sich to ip and the beads. 


* The beads and hormone bind to the antibodies on the strip. 
* So the blue beads get stuck on the strip, turning it blue. 


ad 4) I you're not pregnant and you wee on the stick, 

Jai 4 7 {he wine all moves up the sick, cemying the blue bands. 
But there's nothing to stick the blue beads onto the 

test strip, 60 it doesn't go blue. 


Tout dont sch 


The one time when you can write “wee on a stick” in an exam. 
‘There's more on monoclonal antibodies coming next, but don’t move on until you understand this page. 
QI What isa hybridoma cell made from? [2 marks} 
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“More: on Monoclonal Antibodies 


Because monoclonal antibodies can be produced fo target a specific chemical or cell, they have loads of uses. 
Monoclonal Antibodies Can be Used to Treat Diseases 


1) Different cells in the body have different antigens on their cell surface. So you can make 
monoolonal antibodies that will bind to specific celle in the body (e.g. just liver celle). 

2) Concer cells have antigens on their cell membranes that aren't found on normal body cells. 
They're called jumour markers. 

8) In the lab, you can make 
that will bind to these tumour markers. 

4) An anti-cancer drug can be attached to these 
monoclonal antibodies. This might be a radionotive 
substance, a foxie drug or a chemical which stops 
cancer cells growing and dividing. 

5) The antibodies are givan to the patient through a drip. 

6) The antibodies target specific calls (the cancer cells) 
because they only bind to the tumour markora. 

‘The drug kills the cancer ally but dowsn't kill 

‘any normal body cells near the tumour. 


7 


rorina bod 


.and in Laboratories and Research to Find Specific Substances | 


1) Bind to hormonee and other chamionls in blood to meacure thelr levee, 
2) Test blood samples in laboratories for certain pathogens. 
8) Locate specific molecules on a cell or in a tissue: 


1) Firat, monoclonal antibodies are made that will bind to the specific molecules you're looking for. 
2) The antibodies are then bound to a fluorescent dye. 


8) If the molecules are present in the sample you're analysing, the monoclonal antibodies will 
attach to them, and they can be detected using the dye. 


Monoclonal Antibodies Do Have Some Problems Though } 
1) There 


ome obvious advantages of monoclonal antibodies. One big one is in cancer treatment. 
Other cancer treatments (like standard chemotherapy and radiotherapy) can alfeo! normal body colle 
‘as well as killing cancer cells, whereas monoclonal anfibodies target specific cells. This means the 
side effeots of an antibody-based drug are |ower than for standard chemotherapy or radiotherapy. 
2) However, monoclonal antibodies do cause jnore side effeots than were originally expected, 
e.g. they oan cause fever, vomiting and low blood pressure. When they were first developed, 
scientists thought that because they targeted a very specific cell or molecule, they wouldn't 
create a lot of side effects. 


3) This means that they are po! = widely used ag treatments as scientists had originally thought they 
might be. 


Bonoclonal antibodies — used to detect Irish rock bands... 
As you've just found out, monoclonal antibodies are really useful for finding stuff. Imagine having a horde of 
trained fireflies to search for your lost keys, or phone, or remote control. Instead of you having to search under 


everything, you just release the fireflies and wait for them to cluster around your lost stuff, in a big obvious 
glowing mass, Genius, 


QI___List three things that can be bound to a monoclonal antibody to treat cancer. [3 marks] 
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Plant Diseases and Defences 
W's not just us humane that can get diseases — plan get their fair share too. 


Plants Need Mineral Ions 


Plants need mineral ione from the goil. If there aren't enough, plants suffer deficiency cymptoms. 
1) Nitrates are needed to make protein and therefore for growth. A lack of nitrates causes stunted growth. 


‘Magnesium ions are needed for making chlorophyll, which is needed for photosynthesis. 
Plants without enough magnesium suffer from chlorosis and have yellow leaves. 


Plants Can Get Diseases | 


1) Plants oan be infected by viral, bacterial and fungal pathogens — see page 47 for some examples. 
They can also be infested and damaged by inseots. For example, aphids are an ingeot that can 
cause huge damage to plants. 


2) Ie usually pretty clear that o plant has a disease. The common signs are: 
1) Stunted growth 2) Spots on the leav 8) Patches of decay (rot) 
4) Abnormal growths, e.g. lumps 6) Malformed stems or leaves 6) Disoolouration 


8) Infestations of poate are easy to spot foo — you should be able to gee tham on the plante. 
4) Different plant disenses have different signs. They can be identified by: 


1) Looking up tho eign in a gardening manual or on a gardening website. 
2) Taking the infected plant to a laboratory, whore scientists can identify the pathogen. 
8) Using testing kite that identify the pathogen using monoclonal antibodies (see page 63). 


Plants Have Physical, Chemical and Mechanical Defences... 


PHYSICAL DEFENCES: 
1) Most plant leaves and stems have @ waxy cutile, which provides a barrier to stop pathogens entering. 
2) Plant cells themselves are currounded by coll walle made from oelluloce. 
These form a physical barrier against pathogens that make it past the waxy outiole. 
3) Plants have layers of dend cells around their stems, for example, the outer part of the bark on trees, 
These act as a barrier to stop pathogens entering. 
‘CHEMICAL DEFENCES 
1) Some can produce anfibucterial chemicals which kill bacteria — e.g. the mint plant and witch hazel, 
2) Other plants produce poisons which can deter herbivores (organisms that eat plants) — 
e.g. tobacco plants, foxgloves and deadly nightshade. 


MECHANICAL DEFENCES 
1) Some plants have adapted to have thorn and huirs. These wiop animals from jouching and eating them. 
2) Other plants have leaves that droop or curl when something touches them. This means that they can 
prevent themselves from being eaten by knocking \nuects off themselves and moving eway from things. 
8) Some plants can cleverly mimic other organisms. E.g. the passion flower has bright yellow spots 
on its leaves which look like bullor!ly ees. Thie stops other butterflies laying their eggs there. 
Several species of plant in the ‘ice plant family’ in couthern Africa look like slones and pebbles. 
This tricks other organisms into not eating th 


Symptoms of revision deficiency include nagging parents... 
‘You've made it to the end of the Topic. But don’t run off just yet — have a go at this question first. 
QI How could you tell that a plant has a nitrate deficiency? {1 mark] 
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Well, that wraps up Topic 3 — time to put yourself to the test and find out how much you really know. 
* Try these questions and tick off each one when you get if right. 
* When you've done all the questions under a heading and are completely happy with it, tick it off. 


Types of Disease (p.46-48) [_] 
1) How can bacteria make us feel ill? 
2) Give one way that fungi can cat 
8) How does tobacco mosaio virus affect a plant's growth? 

4) How are mosquitoes involved in the spread of malaria? 

5) What are the symptoms of gonorthoea? 

6) How can destroying vectors help to prevent the spread of disease? 

Fighting Disease (p.49-52) |] 

7) What does the stomach produce that can kill pathogens’? 

8) Give three ways that the white blood colls can defend against pathogens, 

9) Give one pro and one con of vaccination. 

10) Why is it difficult to develop druge that kill viruses without aluo damaging body tissues’? 
Ml) Which plant does the painkiller aspirin originate from? 

12) What two things are drugs tested on in preclinical testing? 

18) What is meant by a drug's toxioity? 

Antibodies (p.53-54) 
14) What is @ monoolonal antibody? 

15) Where are the B-lymphocytes token from when making monoolonal antibodies’? 

16) Why might a fluorescent dye be added to a monoclonal antibody? 

17) Why aren't monoclonal antibodies used as drugs as much as scientists hoped they would be? 
Plant Diseases and Defences (p.55) 
18) What do plants use magnesium ions for? 
19) Give one way of identifying a plant disease. 
20) Give one mechanical defence that a plant may have to defend itself. 


disease. 
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____ Photosynthesis and Limiting Factors 
First, photosynthesis equations. Then there are some more bits 'n’ bobs you should know... 


Photosynthesis Produces Glucose Using Light 


1) Photosynthesis uses energy to change carbon dioxide and water into glucose and oxygen. 

2) It takes place in chloroplasts in green plant cells — they contain pigments like chloral ‘that absorb light. 
8) Energy is transferred to the chloroplasts from the environment by light. 

4) Photocynthesie ic endothermic — this means energy ic transferred from the environment in the process. 
5) The word equation for photosynthesis is: 


light 


carbon dioxide + water ——————> glucose + oxygen 


6) Hero's the symbol equation too: AB 


light 
6CO, + 6H,0 —————> C,H,,0, + 60, 


Plants Use Glucose in Five Main Ways... | 

1) For respiration — Thie tranafers enorey from glucose (a 
convert the rest of the glucose into various other useful gubstanoes. 

2) Muking collulose — Oluoose is converted into cellulose for making strong plant coll walls (see p.M). 

8) Making amino acide — Glucose is combined with nitrate jone (absorbed from the soil) to make 
‘amino acids, which are then made into proteins, 

4) Stored as oils or faig — Glucose is turned into lipids (fate and oils) for storing in swede, 

5) Stored ns starch — Glucose is turned into starch and stored in roots, stems and leaves, 
ready for use when photosynthesis isn't happening, like in the winter. Starch is insoluble, 
which makes it much better for storing than glucose — a cell with lots of glucose in 
would draw in loads of water and swell up. 


Limiting Factors Affect the Rate of Photosynthesis | 


1) The rato of photosynthesis is affected by intensity of light, concentration of CO, and temperature. 
2) Any of these three factors can become the limiting factor — this just means that it's stopping 
photosynthesis from happening any faster. 
8) These factors have a combined effect on the rate of photosynthesis, but which factor is limiting at a 
particular time depends on the environmental conditions: 
* at night it’s pretty obvious that light is the limiting factor, 
* in winter it’s offen the temperature, 
+ if i's warm enough and bright enough, the amount of CO, is usually limiting. 
4) Chlorophull can also be a limiting factor of photosynthesis. 


p.6!) which enables the plants to 


The amount of chlorophul in «plant oon be effsted by dasa (e.g. infection with 
the tobacco mosaic virus) or environmental stress, su lack of nutrients. These 


Pe eagle rere oer Laeger TOS 
This means the rate of photosynthesis is reduoed because they can't absorb as much light. 


Now you'll have something to bore the great-grandkids with. 
You'll be able to tell them how, in your day, all you needed was a bit of carbon dioxide and some water 
and you could make your own enterlainment. But at the moment you need to learn this page. 

QI Name the products of photosynthesis. (2 marks] 


Q2 Apart from temperature, name three other limiting factors of photosynthesis [3 marks} 
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The Rate of Photosynthesis 


Now that you know light, CO, and temperature all affect the rate of photosynthesis, you also need to know 
how they affect the rate, so you can take a gander at a load of lovely pictures... well, graphs. I've also thrown 
‘an experiment and an equation in for good measure. | oan tell these pages are going to be your favourites... 


ites Ienportant Graphs for Rete of Photosyathenis! 
1) Not Enough Light Slows Down the Rate of Photosynthesis | 


1) Light provides the energy needed for photosynthesis. 
2) As the light lovel is raised, the rate of photosynthesis 
increases steadily — but only up to a gertain point. 
8) Boyond that, it won't make any difference — as light 
infonsity increases, the rate will no longer increase. 
CO, or temp needs hiv is because it'll be either the temperature or the 
iss rane CO, lovel which is now the limiting factor, not light. 
Light intensity | 4) In the lab you can change the light intensity by 
cloner 40 oF further away from your 
plant (see the next page for this experiment). 
5) But if you just plot the rate of photosynthesis againe 10 of lamp from the plant”, you 
got 0 woird-shapod graph. To got a graph like the ono above you either need to measure the 
light intensity at the plant using a light meter or do a bit of nifty maths with your results, 


‘rato increases with 
light intensity 


| 2) Too Little Carbon Dioxide Also Slows it Down 


1) CO, is one of the 
needed for photosynthesia. 

2) As with light intensity, the amount of CO, 
will only inorease the rate of photosynthesis 
up to.® point. After this the graph flattens out 
=a the amount of CO, increases, the rate 


38) As long as light and CO, are in plentiful supply 
then the factor limiting photosynthesis must 


be temperature. 


3) The Temperature has to be Just Right 


1) Usually, if the temperature is the lilting fhotor 
it's because it's oo low — the enzymes needed 
for photosynthesis work more slowly at 
low temperatures. 

2) But if the plant gets joo hot, the enzymes it 
needs for photosynthesis and its other reactions 
will be damaged. 

3) This happens at about 45 “0 (which is pretty 


hot for outdoors, although greenhouses ean get 
that hot if you're not careful). 
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___ The Rate of Photosynthesis 


One Graph May Show the Effect of Many Limiting Factors 


You could get # graph that shows more than one limiting factor on the rate of photosynthesis, for example: 


1) The graph on the right shows how the rate of photosynthesis 
is affected by light intensity and temperature. 

2) At the start, both of the lines chow that as the 
light intensity inorences, the rate of photosynthesie . 25 °C 
increases steadily. 


16°C 


rate 


8) But the lines level off when light is no longer the 
limiting factor. The line at 25 °C levele off at a 
higher point than the one at 16 °C, showing that 

must have been a at 15 °C. light intensity 


1) Tho graph on the right chowe how tho rate of Photonyiton 
iv affected by igh intensity and 

2) Agoin, both the lines lovel off when light fe no longer the 
limiting factor. 3 

at the higher CO, concentration of 0.4% lovele 

higher point than the one at 0.04%. This meane 


must have been a limiting factor at 
0.04% CO,.. The limiting factor here 
because it's the sume for both tines (25 °C). 


25°C 0.4% 


25 °C 0.04% 


light intensity 


Oxygen Production Shows the Rate of. Photosynthesis | (2menen) 


Canadinn pondweed can be used to measure the effect of light intensity on the 
. The rate at which the pondweed produces oxygen corresponds to the rate at which 


tate of photosynthesis. 
it's photosynthesising — the faster the rate of oxygen production, the faster the rate of photosynthesis. 


Here's how the experiment works: 0, bubble ruler syringe 

1) A-source of white light is placed at a in eae) 
specific distance from the pondweed. Night source ‘water in ~ 

2) The pondweed is left to photosynthesise { clamp °sPillary tube 
oe small 0, bubbles 


As it photosynthesises, the oxygen 
released will collect in the capillary tuba. 
8) At the end of the experiment, the suringe 
is used to draw the gas bubble in the peer repr 
: nd the length — ruler to" vary 
|. This is Sea, otanae from plant 


4) For this experiment, any variables that could affect the results should be 
|, &.8, the temperature and time the pondweed is left to photosynthesise. 

5) The experiment is repeated twice with the light source at the game distance and the mean volume of O, 
produced ie caloulated. 

6) Then the whole experiment is repeated with the light source at different distances from the pondweed. 

The apparatus above can be altered to measure the effect of temperature or CO, on photosynthesis. 

E.g. the test tube of pondweed oan be put into « water bath at a set temperature, or @ measured amount of 

sodium hydrogencarbonate ean be dissolved in the water (which gives off CO,). The experiment can then be 

repeated with different temperatures of water / concentrations of sodium hydrogencarbonate. 
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The Rate of Photosynthesis 


_ The Inverse Square Law Links Light Intensity and Distance — 


1) In the experiment on the previous page, when the arp is moved sway from the pondweed, 
the amount of licht that reaches the pondweed decresces, 


2) You can say that a tho divlunce incrowsn, the light intensity decrees, 

In other words, distance and light intensity are invarsely proporiionsl 40 each other. Putting one over 
8) However, it’s not quite as simple as that. It turns This is the ‘proportional to’ symbol, the distance 

‘out that light intensity decreases in proportion shows the inverse 
to the squire of the distance. This is called the 


The dista 
loam ecuare lage and is written out lke this: baad 


is 
4) The inverce square law means that if you holve the dltanoe, the ih! inloneily will be 
{our line greater and if you {hie the distanoe, the light intensity will be wine linen greater. 
Likewise, if you double the distance, the light intensity will be four finoe smaller and if you 
noble the distance, the light intensity will be yin tinnen srvalier. 


5) You can use |/\ as a moasure of light intensity. 


F EXAMPLE: Use the inverse square law to calculate the light intensity 


when the lamp is 10 em from the pondweed. 


al 
1) Use the formula light intensity = J 
2) Fill in the wales you know — - 
Deniacheninldstarcarecteeihatind light intensity = sr ‘aul stands for 
3) Calculate the answer. O01 au ‘arbitrary units. 
You c can. Artificis lly Create t the I leal Con ions for Farming | ] 
1) The most common way to artificially oreate the ideal environment for ad Ry 
plants is to grow them in a greenhouse. rt 
2) Greenhouses help to irap the Sun's heat, and make sure that % 


the Jemperature doesn't become limiting. In winter a farmer or 
gardener might use a healer ac well to keep the temperature at 
the ideal level. In summer it could get too hot, so they might 
use shades and ventilation to cool things down. 


8) Light is always needed for photosynthesis, so commercial farmers often supply 
artificial light after the Sun goes down to give their plants more quality photosynthesis time, 

4) Farmers and gardeners can also increase the level of carbon dioxide in the greenhouse. Eg by using a 
paraffin heater fo heat the greenhouse. As the paraffin bums, it makes carbon dioxide as a 

5) Keeping plants enclosed in greenhouse also makes i easier to keep them free from paste and diseases. 
The former can add foriilicers 10 the soil ac well, to provide all the minerals needed for healthy growth. 

6) Sorting all this out costs money — but if the farmer can keep the conditions just right for photosynthesis, 
‘the plants will grow much faster and a decent crop can be harvested much more offen, which can then 
be sold. H's important that a farmer supplies just the right amount of heat, light, etc. — enough to make 
‘the plants. grow well, but not more than the plants need, as this would just be wasting money. 


Don’t blame it on the sunshine, don’t blame it on the CO,,.. 
Now don’t let the inverse square law put you off learning everything on these past three pages. 


QI Amexperiment was carried out to find out the effect of temperature on the rate of photosynthesis, 
Name wo variables that should have been controlled in this experiment. [2 marks} 


Q2 Write down the inverse square law. [1 mark] 
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_ Respiration and Metabolism 
You need energy to keep your body going. Energy comes from food, and it's transferred by respiration. 


Respiration is NOT “Breathing In and Out” | 
Respiration involves many reactions. These are really important reactions, as respiration transfers the energy 
that the cell needs to do just about everything — this energy is used for all living processes. 
1) Respiration is not breathing in and breathing out, as you might think. 
2) Respiration is the process of transferring energy from the breakdown of glucose (sugar) 
— and it goes on in every call in your body continuously, 
3) It happens in plants too. All living things respite. It's how ‘they trancfer energy from their food 
to their ells. 


RESPIRATION is the pi 


4) Respiration is exothermic — it transfers energy to the environment, 


Respiration Transfers Energy for All Kinds of Things 
Here ate three examples of how organisms use the energy transferred by respiration: 
1) To build up larger moleoules from ginaller ones (like proteins from amino acids — see blow). 


2) In animals it’s used to allow the muscles to oontract (so they can move about). 


3) In moammale and birds the enorgy ie used 40 koop thoir body temperature steady in colder 
‘surroundings. (Unlike other animals, mammals and birds keep their bodies constantly ware.) 


Metabolism is ALL the Chemical Reactions in an Organism | 
1) Ina gell there are lots of chemioal reactions happening all the time, which are controlled by enzymes. 
2) Many of these reactions are linked together to form bigger reactions: 
reactant ZV. product ZU, product UM°. product 
8) In come of these reactions, larger molecules are made from smaller ones. For example: 


+ Lots of small glucose molecules are joined together in reactions to form starch 
(2 storage moleoule in plant cells), glycogen (a storage molecule in animal colle) 
and cellulose (a component of plant cell walls). 
* Lipid molecules are each made from one molecule of glycerol and three fatty acids. 
+ Glucose is combined with nitrate ions to make amino avids, which are then made into proteins. 


In other reactions, larger molecules are broken down into smaller ones. For example: 


* Glucose is broken down in respiration. Respiration transfers energy to power all the reactions 
in the body that make molecules. 


+ Excess protein is broken down in a reaction to produce urea. Urea is then excreted in urine. 
5) The sum (total) of all of the reactions that happen in a gell or the body is called its metabolism. 


4) 


Don’t stop respirin’— hold onto that feelin’... 

Isn't it strange to think that each individual living cell in your body is respiring every second of every day, 
transferring energy from the food you eat. This energy is used to make molecules that our cells need. 

QI Give two examples of how animals use the energy transferred by respiration. [2 marks} 


Q2—— What is metabolism? (1 mark] 
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Aerobic and Anaerobic Respiration 
‘There are two types of respiration, don't cha know... 


| Aerobic pinepinven Needs Plenty of Oxygen — 


i respiration using oxygen. 
It's the most ttalnt way to transfer energy from glucose, 


2) Aerobic respiration goes on all the time in plants and animals. 
8) Most of the reactions in aerobio respiration happen inside initochondria (eee page I). 
4) Here are the word and symbol equations for aerobic respiration: 


glucose + oxygen ———> carbon dioxide + water 


| Anaerobic Respiration is Used if There’s Not Enough Oxygen ] 
‘When you do vigorous exercise and your body can't supply enough oxygen to your muscles, 
they start doing anaerobic respiration aa well ax aerobic respiration. 


1) “Anaerobic” just means “without oxygen". It's the incomplete breakdown of glucose, making lactio acid. 
2) Hore's the word equation for anaerobic respiration in musole oolle: 


glucose —— lactio acid 


3) Annerobic respiration does not transfer nearly ax much energy as aerobic respiration. 
This is because glucose isn't fully oxidised (because it doesn't combine with oxygen). 


4) Go, anaorobio respiration is only useful in gmergenoies, o.g. during exercise whon it allows you to keop 
‘on using your muscles for a while longer. 


| Anaerobic Respiration in Plants and Yeast is Slightly Different | 


1) Plants and yeast celle can respire wilhou! oxyeen too, but they produce ethanol (alcohol) 
‘and carbon dioxide instead of lactic acid. 


2) Here is the word equation for anaerobic respiration in plants and yoos! celles 


glucose ———> ethanol + carbon dioxide 
8) Anaerobic respiration in yeas! cells is called fermentation. 


4) In the food and drinks industry, fermentation by yeast is of great value 
because it's used fo make bread and slooholic drinks, e.g, beer and wine. 


5) In leood-moking, it'e the parbon dioxide from fermentation that makes bread ris. 
6) In beer and wine-moking, i's the fermentation process that produces alcohol. 


I'd like a ham and fermentation sandwich please... yum 

Fermentation is a really important process because of its use in making alcoholic drinks and bread, 

We drink and eat so much of these that making them is big bucks. And it’s all down to tiny yeast cells 

QL What are the reactants of aerobic respiration? [2 marks} 


Q2__ What is the process of anaerobic respiration in yeast called? [1 mark] 
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Exercise 
When you exercise, your body responds in different ways to get enough energy to your cells. 


When You Exercise You Respire More | 


1) Muscles need energy from respiration to contract. When you exercise, some of your muscles contract 
more frequently than normal so you need more energy. This energy comes from 

2) The increase in respiration in your cells mean you need fo get more oxygen into them. 

8) Your breathing rate and breath volume inoreage to get more oxygen into the blood, and your heart rate 
increases to get this oxygenated blood around the body faster. This removes CO, more quickly 
at the same time, 

4) When you do really vigorous exercise (like sprinting) your body can't supply oxygen to your muscles 
quiokly enough, so they start respiring unaerobioally (nee the previous page). 

5) This is NOT the best way to tranefer energy from glucose sini 
because lactic acid builds up in the musoles, which gets painful. = 

6) Long pariods of exercise also cause munole fatigue — 
the musoles get firod 


_Anaerobic Respiration Leads to an Oxygen Debt 


1) After resorting to anaerobic respiration, when you stop exercising you'll have an “oxygen debt", 


2) An  onugen debt is the amount of extra oxygen your body needs to react with the build up of lactic acid 
and remove it from the colle. Oxygen reacts with the lactio acid to form harmlens CO, and wator. 


8) In other words you have to “repay” the oxygen that you didn't get to your muscles in time, 
because your lunge, heart and blood couldn't keep up with the demand earlier on. 


4) Thic meane you have to keep breathing hard for # while after you stop, to get more oxygen into your 
blood, which is transported to the muscle cells. 


5) The pulse and breathing rate stay high whilst there are high levels of lactic acid and CO,. 


6) Your body also has another way of coping with the high level of lactic acid — the blood that enters your 
musoles traneports the lactic acid to the liver. In the liver, the lactic acid is converted back to glucose. 


You Can Investigate The Effect of Exercise on The Body | 
1) You can measure brosthing rate by counting breathe, and heart rate by faking the pull 
2) E.g. you could take your pulse after: 3 
+ cliting down for & minutes, FF 100 
5 minutes of gentle walking, —§ & go a | | 
sin after & minutes of slow jocsing, * # gl 
then again after running for 6 minutes, 
ard plot your reoulte in « ber cheet, =e ead 
8) Your pulse rate will increase the more injonse the exercise is, as your body needs to 
get more oxygen fo the muscles and take more carbon dioxide way from the muscles. 
4) To reduce the effect of any random errors on your results, do it as a group 2! 
‘and plot the average pulse rate for each exercise. 


rs more about 


Oxygen debt — cheap to pay back... 

At the end of a sprinting race you often see athletes breathing hard — now you know this is to get rid of 

the lactic acid that’s built up in the muscles. But remember, the liver plays a role in breaking it down too. 

QI Whar causes muscle fatigue? [I mark] 


Q2 Explain what an “oxygen debt” is, [1 mark] 
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Revision Questions for Topic 4 


Well, it's all over for Topic 4 folks — but | know how much you'll miss if, so here are some questions on it... 
* Try these questions and fick off each one when you get it right. 
+ When you've done all the questions under a heading and are completely happy with it, tick i off. 


Photosynthesis (p.57-60) [_] 


1) Where in a plant cell doo photoeynthenis take place? 


2) How is energy transferred fo a plant from ite environment for photosynthesis? 


3) What is an endothermic reaction? LJ} 
4) What is the word equation for photosynthesis? oO 
5) What type of molecule ie formed from combining glucose molooules with nitrate ions? 


6) Why do plants store glucose ao etarch? 


7) What is meant by a ‘limiting factor’ of photosynthesin’? 


8) What effect would a low carbon dioxide concentration have on the rate of photosynthesis? 


9) What effect would a temperature above 45 °C have on the rate of photosynthesis’? 
10) Describe a method that could be used to measure the effect of light intensity on the 


rate of photosynthesis, 


M1) In the inverse square law, how are light intensity and distance linked? 


12) Give one way that the temperature oan be decreased in a greenhou 


13) Give one way that the level of carbon dioxide ean be increased in a greenhouse, oO 


Respiration and Metabolism (p.61-63) [] 
14) What is roopiration? 


15) What is an exothermic reaction? 


16) What process transfers energy to make new molecules in colle’? 


17) Give three examples of metabolic reactions. 


18) Name the products of aerobic respiration. 


19) What is produced by anaerobic respiration in muscle cello? 


20) What is the word equation for anaerobic respiration in yeast celle? 


21) Name two products of the food and drink industry that fermentation is needed for. 


22) Give three things that increase to supply the muscles with more oxygenated blood during exercise. 


23) What happens to musoles when they become fatigued? 


24) In what organ is lactic avid converted back to glucose? 
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Homeostasis | 


— 8 word that strikes fear into the heart of many a GCSE tudent. But it's really not that bad 
at all. This page is a brief introduction fo the topic, so you need to nail all of thie before you can move on. 


Homeostasis — Maintaining a Stable Internal Environment | 


1) The conditions inside your body need to be kept steady, even when 
the external environment changes. This is really important because 
your cells need the right conditions in order to 
inoluding the right conditions for enzyme action (see p.28). 
2) Homeostasis is all about the regulation of the conditions inside 
your body (and cells) to 
in response to changes in both internal and external condition. 
8) You have loads of automatic control systems in your body 
that regulate your internal environment — these include oth cd ol bikin smart an 
systems, For example, there are control systems that maintain your body temperature (see page 72), 
your blood glucose level (see page 74) and your water content (see page 75). 
All your automatic control systems are made up of thrae main components which work together 
to maintain a steady condition — cella called receptors, coordination centres (including the brain, 
spinal cord and pancreas) and effectors. 


4) 


Negative Feedback Counteracts Changes | 


Your automatic control eystome keop your internal environment atable using @ mechanism called 
negative feedback. When the level of something (0.g. water or temperature) gots too high or loo low, 
your body uses negative feedback to bring it back to normal. 


level is _ 

2) the receives 2) The coordination centre receives. 
‘and processes the information, ‘and processes the information, 
then — response, then organises. a response. 

) Effector produces @ reaponse, 2 3) Lene Produces a response, 
which counteracts the change which counteracts ecm change 
and restores the optimum level and restores the optimum lovel 
— the level decreases, — the level increases. 


The effectors will just carry on producing the responses for as long as they're 
‘sfimulated by the coordination centre. This might cause the opposite problem — 
making the level change too much (away from the ideal). Luckily the receptor 
detects if the level becomes foo different and negative feedback starts again. 


This process happens without you thinking about it — it's all gutomatic. 


If you do enough revision, you can avoid negative feedback... 

Negative feedback is a fancy-sounding name for a not-very-complicated idea, It’s common sense really. 

For example, if you looked sad, 1d try and cheer you up. And if you looked really happy, I'd probably start to 
annoy you by flicking the backs of your ears. It stops things getting out of balance, | think. 

QI Why do the internal conditions of your body need to be regulated? [1 mark] 


Q2 Name the component of a control system that detects stimuli [1 mark] 
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Organisms need to respond to stimuli (changes in the environment) in order to survive. A single-celled organism 
can just respond to its environment, but the cells of multicellular organisms need to communicate with each other 
first. So as multicellular organisms evolved, a — ‘pervous and hormonal communication systems. 


1) Basaptars are the colls that 


2) aaearae are many ny diferent types 
of receptors, auch as tanta 
receptors on the tongue and 
‘sound receptors in the ears. 

3) Rooeptors can form part 


of larger, complex organs. 
¢.g. the retina of the aye is 
covered in light receptor cells. 
4) Effector respond to nervous 
impulees and bring about a change. 
5) Muscles and glands are known 
‘as offeotors — they respond in 
difforent ways. 
in response to a nervous impulse, 
whereas 


Which reapond fo nervous impulses, 


| The Central Nervous System (CNS) Coordinates the Response | 
The CNS is @ coordination centre — it receives information from the receptors and then 
coordinates a response (decides what to do about it). The response is carried out by effectors. 
For example, a small bird is eating come seed... 
1) _...when, out of the corner of its eye, it spots a cat skulking towards it (this is the gtimulus). 


2) The receptors in the bird's eye are stimulated. Sensory neurones carry the information 
from the receptors to the CNS. 


8) The CNS decides what to do about i. [ait ao] EL OJ rnc] apn 


4) The CNS sends information to the = = 
muscle in the bird's wings (Hhe effectors) >" pe 
slong, The muscles at ents 


motor neurones. 
contract and the bird flies away 40 safety. 


Don’t let the thought of exams play on your nerves... 
Don’t forget that it’s only large animals like mammals and birds that have complex nervous systems. 
Simple animals like jellyfish don't — everything they do is a reflex response (see next page). 


QI Name two types of effector. [2 marks} 
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Neurones transmit information very quickly to and from the brain, and your brain quickly decides 


how fo respond fo a stimulus. But reflexes are even quicker... 

| Synapses Connect Neurones- 

1) The connection between fwo neurones is called a synapse. 
2) The nerve signal is transferred by chemicals 

which diffuse (move) across the gap. 

8) These chemicals then set off a new electrical vignal in the next neurone. 


‘Norve impulse 


1) Reflexes are rapid, automatic responses to certain stimuli that don't involve the conscious part of 
the brain — they can reduce the chances of boing injured. 

2) For example, if someone chines « bright light in your eyes, your pupils automatically get omallor 
‘80 that leas light gets into the oye — thio stops it getting damaged. 

8) Or if you get chook, your body releaces the hormone adrenaline automatically 
— it doesn't wait for you to decide that you're shocked. 

4) The passage of information in a reflex (from receptor to effector) in oallod a reflex aro. 


The Reflex Arc Goes Through the Central Nervous System _ 


1). Tho neurones in roflex 


[4 tmpules ore pauoed wlong w 
‘rely neurone, vie eynopoe. 


gunwory neurone to a relay neurone in the CNS. 
8) When the impulses reach a synapse between the 
sengory neurone and the relay neurone, they trigger 


chemicals to be released (see above). 
These chemicals cause 
impulses to be sont 
along the relay neurone. 
4) When the impulses reach a synapse between the relay 
neurone and @ motor neurone, the same thing happens. 
Chomicale are released and cause impulses to be sent 
along the motor neurone. 
5) The impulses then travel along the motor neurone to the effector 
(which is usually a muscle, like in this example). 
8) The musole then contracts and moves your hand away from the bee. 
7) Because you don't have to think about the response (which takes time) it’s quicker than normal responses. 


Don’t get all twitchy — just learn it. 
Reflexes bypass your conscious brain completely when a quick response is essential — your body just gets on with 
things. If you had to stop and think first, you'd end up a lot more sore (or worse). 


QI Whatisa reflex action? (1 mark] 
Q2 A chef touches a hot tray, A reflex reaction causes him to immediately move his hand away. 
a). State the effector in this reflex reaction. {1 mark] 
b) Describe the puthway of the reflex from stimulus to effector. [4 marks} 
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On your marks... get set... read this page. 


Reaction Time is How Quickly You Respond | 


Reaction time is the time it takes to respond to a stimulus — it’s often less than a second. 
1 can be affected by factors such as age, gender or drupe. aie 


You Can Measure Reaction Time 


Salton is a drug that can speed up @ person's reaction time. 
Tho offeo! of coffeine on reaction time can be ineveurod like this... 

1) The person being tested chould sit with their arm resting on the edge of a table 
(this should stop them moving their arm up or down during the test). Oom 

2) Hold @ ruler vertically between their thumb and forefinger. Make cure 
that the coro snd of the ruler Ia level with thelr thumb and finger, 
‘Then le! go without giving any warning. 

8) The person boing festod should try to naloh he rulor 
‘46 quickly as they can — as coon ao they coe it fe 

4) Reaction time is measured by the suinber on the ruler whore i 
The number should be read from tho ion of the {hurl The furthor down the 
ruler it's caught (i.e. the higher the number), the slower their reaction time. 

5) Aopen! the fect several times then caloulate the 
‘uo diehonce that the ruler Fell, 

6) The pernon being fected should then have a poffeinolod drink 
(e.g. 300 ml of cola). Afler jon minules, repeat steps I to 5. 

7), You neod to control vn variables 10 make sure that this is a fair test, 
For example, you should use the sxine person 40 catoh the ruler each time, and that person should 
ahvays use the parne hound to catch the ruler. Also, the ruler should always be dropped from the 

and you should make cure that the person being tested has not had any caffeine 
(or anything olve that may affect their reaction time) before the start of the experim 

8) Too much caffeine can cause pleasent cide-effeols, 80 the person being tested should 

avoid drinking, ny. more caffeine for the rest of the day after the experiment is comploted. 


Reaction Time Can Be Measured Using a Computer 


1) Simple computer tests can also be used to measure reaction time. 
For example, the person being tested has to click the mouse (or press a key) 
as goon as they see a stimulus on the screen, e.g. a box change colour. 

2) Computers can give a more precige reaction time because they remove the 
possibility of human error from the measurement. 

8) As the computer can record the reaction time in milliseconds, 
it can also give a more acourate measurement. 

4) Using « computer can also remove the possibility that the person can 
predict when to respond — using the ruler test, the catcher may learn 
to anticipate the drop by reading the tester's body language. 


Ready... Steady... 
Ah, too slow. 


QI A student was measuring her reaction time using a computer test, She had to click the mouse when 
the screen changed from red to green. She repeated the test five times. Her results were as follows: 


[2 marks} 
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The Brain | 


Scientists know a bit about the brain but not as much as they'd like. Their knowledge is improving with 
the invention of new gadgetry that helps them study the brain. Read on, it's pretty amazing stuff. 


The Brain is Responsible for Complex Behaviours | 


1) Along with the spinal cord, the brain is part of the central nervous system. 

2) I¥'s made up of billions of interconnected neurones (neurones that are connected together). 
8) The brain is in charge of all of our complex behaviours. 1 controls and coordinates 
everything you do — running, breathing, sleeping, remembering your gym kit... 

4) We know that different regione of the brain carry out different functions: 


[Cereb Front Back 
Thic is the outor wrinkly bit. It's 
responsible for things like consciousness, CF 
intelligence, momory and language. 


Responeible for 


Controls unconscious aotivities 
(things you don't have to think about 
doing) like breathing and your heartbeat. 


Scientists Use a Range of Methods to Study the Brain | 
Scientists use a few different methods to study the brain and map out which bits do what: 


ETC |» orall part of the brain hae been damaged, the affeot this has on the 
BELCUE Patient can tell you a lot about what the damaged part of the brain does. 
PIN E.2. if an area at the back of the brain was damaged by a stroke and tho 

EER A patient went blind, you know that that area has something to do with vision. 


BREET The brain can be stimulated electrically by pushing a tiny electrode into the tissue and 
PeaieE giving it a cmall zap of electricity. By observing what stimulating different parts of the brain 
pMarWetikes does, it's possible to get an idea of what those parts do. E.g. when a certain part of the 

brain (known as the motor area) is stimulated, it causes muscle contraction and movement. 


A magnetic resonance imaging (MRI) seanner is a bee (a) tube-like 
machine that can produoe a very datailed picture of in's structures. oy 


Seierits that 
study 
he br 


Scientists use it to find out what areas of the brain are hiditel when people 
‘are doing things like listening to music or trying to recall a memory. 


Messing With the Brain Can Have Consequences | 


1) Knowledge of how the brain works has led fo the development of treatments for disorders of the 
nervous system. For example, electrical stimulation of the brain can help reduce muscle tremors 
caused by nervous system disorders such as Parkinson's disease. 

2) However, the brain is incredibly complex and delicate — the investigation of brain function and any 
treatment of brain damage or disease is difficult. 1 also carries risks, such as physical damage fo the 
brain or increased problems with brain function (e.g. difficulties with speech). 


Awhole page dedicated to that squidgy thing in your head... 
lucky you. But actually it’s really fascinating stuff, It'll make it that bit easier to learn... 
QI Name the region of the brain that controls coordinated movement. {1 mark] 
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The Eye 
‘The eye is a sense organ. There are several parts you need to learn about, so get focused. 


Learn the Eye with All Its Labels _ 


1) The SCLERA ic the fough, supporting wall of the eye. 

2) The CORNEA is the {ranoparent outer layer found at the 
front of the eye. If refracte (bends) light into the eye. inte a 

8) The IRIS contains musoles that allow it to control the = Come 
diamoter of the PUPIL (the hole in the middle) and pupil 
‘therefore how much light enters the eye. lone” 

4) The LENG focuses the light onto the RETINA (which contains 
receptor cells sensitive to light intensity and colour). 

5) The shape of the lene is controlled by the cillary ima \ optic 
CILIARY MUSCLES and SUSPENSORY LIGAMENTS. 

6) The OPTIC NERVE carries impulses from the receptors on the retina to the brain. 


The Iris Reflex — Adjusting for Bright Light | 


Very bright light can damage the retina — eo you have a reflex to protect it. 
1) When light receptors in the eye detect very bright light, a reflex 
is triggored that makos the pupil smaller. The 


siroular muscles 
in the iris contract and the radial muscles relax. This reduces arene 
the amount of light that can enter the eye. 


2) The opposite process happens in dim light. This time, 
the contract and the oiroular muscles relax, 
which makes the pupil wider. 


| Focusing on Near and Distant Objects — Another Reflex | 
The oye foouses light on the retina by changing the shape of the lens — this is known as accommodation. 
eee ine ee 1) Tho olny inusolon contrnat, which elackans the 
‘sunpansory ligaments. 


2) The lene becomes [o| (more curved). 
8) This inorennoe the amount by which it volvo ight. 


1) The ciliory muscles rolex, which allows: 


‘the suopensory ligamante to pull tight. “shape, Thin means baht 
2) This makes the lene go thin (less curved). cant be focused wel for rear 
sunpanaory Kgaments tighten 2) Go H caffe light by « pmaller amount. | __vevig so cle people oem 


have to use reading glasses 


If the lens cannot refract the light by the right amount (so that it focuses on the retina), the person will 
be short- or long-sighted — see the next page for more. 


Eye eye, Captain... 

It doesn’t matter how good you are at blagging in the exam — you need to leurn those diagrams of the eye. 

QI What name is given to the transparent layer at the front of the eye? [1 mark] 
Q2 Explain how the eye focuses on an object that's close to it, [4 marks} 
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Correcting Vision Defects 


‘As you can see on the previous page, the way the eye works is quite complex. It's not surprising really 
that sometimes it doesn't work so well. Thankfully, we have ways of correcting it... 


Some People are Long- or Short-Sighted | 
Long-sighted people are unable to foous on near objects: 


1) This occurs when the lene is the wrong shape and doesn't 
tafraot (bend) the light enough or the eyaball a too short. 
2) The images of near objects are brought 
info focus behind the retina. objeot image 


8) You can use glasses with » convex long 
(a lens which curves outwards) to correct if. The lens rofracts the light rays so they focus on the retina. 
4) Tho medical term for long-cightednoes ia hyperopia. 


Short-sighted people are unable to foous on distant objects: 
1) This cooure when the long is the wrong shepe and Uncorrected Correated 


refracts the light too much or the eyeball is too long. clnage image 
2) The images of distant objoots are brought into foous 
in front of the retina. object object 


8) You can use glasses with a conoave lens 
(a fons which curves inwards) to correct it, so that the light rays fooun on the retina. 
4) The medical term for short-sightodness in myopin. 


There are Several Treatments for Vision Defects 
Wearing glascon icn't for everyone. You need to know about those alternatives: 


CONTACT LENSES: Contact lenges are thin lences that cit on the surface of the eye and 

are shaped to compensate for the fault in focusing. They're popular beoauce they are 
lightweight and almost invisible. They're alo more convenient than glasses for activities like 
‘porta. The two main types of contact lenses are hard lonsos and goft lenses. Soft lenses 
‘are generally more comfortable, but carry a higher rick of eye infections than hard lenses. 


LASER EYE SURGERY: Bad eyesight can sometimes be corrected with laser eye surgery. 

Alacer oon be used fo waparis asus, chengng the shape ofthe comes (and so changing 

how strongly it refracts light into the eye). Slimming it down makes ree 

can improve short sight. Changing the shape so that it’s more powerful will improve long. 

sight. The surgeon can precisely control how much tissue the laser takes off, completely 
the vision. However, like all surgical procedures, there is a risk of complications, 

such as infection or the eye reacting in a way that makes your vision worse than before. 


REPLACEMENT LENS SURGERY: Sometimes long-sightedness may be more effectively treated by 

tepacng the ane of he eye (rater than aliing the shape of the cornea with laser eye surgery). 
In replacement lens surgery, the natural lens of the eye is removed and an arfificial lens, made of clear 

plastic, is inserted in its place. As if involves work inside the eye, replacing a lens carries 

than laser eye surgery, including possible damage to the refina (which could lead to loss of sight). 


I think I’m a little long-sighted... 
‘You won't have to draw those diagrams for different lenses in the exam, but you may have to interpret them, 

0 its probably for the best that you make sure you totally understand what's going on in each one 

QI Explain the cause of short-sightedness [2 marks] 


Q2 How can glasses help a long-sighted person focus on something nearby? [1 mark] 
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respiration) and lost to keep the 
2) There is a 


The body has to keep ite insides at around 37 °C — the optimum femperature for enzymes in the body. 


Body Temperature Must be Kept Constant | 
1) The body has to balance the amount of energy gained (e.g. through 
‘gore body temperature constant. 


body temperate the 


in the brain, which contains receptors that are 


sensitive to the temperature of the blood flowing through the brain. 
8) The thermoregulatory centre also receives impulses from temperature receptors in the skin, giving 
‘skin temperature. 


information about 


1) Temperature receptors detect that 
core body ees |s too high. 


2) ued thermoregulatory centre acte as 
— it receives, 
isormaton ror te tomporature receptors 


‘ond triggers the utomatioally. 
- aweat glands, 


9) Effeotors, 
produce a responce (Gee below) 
and counteraol the change. 


1) Temperature receptors detect that 
_-> core body temperature is too low. 


2) Le ree 


— it receives: 
eet from the temperature receptors 
and {riggors the automatically. 


J &, 9) Effontors, e.g. muncles, 


produce a response (see below) 
‘and counternot the change. 


Some offectors work uniagonioioally, @.g, one effector heats and another cools — they'll work at the 
same time to achieve a very precise temperature. This mechaniam allows a more sensilive rosponae, 


The Body has Some Nifty Tricks for Altering its Temperature 
Different responses are produced by effectors to counteract an inorease or decrease in body temperature. 


When you're When you're 
TOO HOT: TOO COLD: 
(>) \Taweat gland 
[produces eweat 
Tal ro blood 
(Ree ereslor 5) ied iy Tales sec) (blood Sopp shut of] 


1). Sweat le produced by eweat glando and 
‘evaporates from the skin. This transfers 
energy to the environment. 

2) The blood vessels supplying the skin dilate 
80 more blood flows close fo the surface 
of the skin. This is called vacodilation. 
This helps transfer energy from the skin to 


‘the environment. 


1) Hoire stand up to trap an insulating layer of air. 

2) No sweat is produced. 

8) Blood vessels supplying skin capillaries 
constrict fo close off the skin's blaod supply. 
This is called vasoconstriction. 

4) When you're cold you shiver too (your muscles 
contract automatically). This needs respiration, 
which transfers some energy fo warm the body. 


Shiver me timbers — it’s a wee bit nippy in here... 
People who are exposed to extreme cold for a long time without protection can get frostbite — the blood supply to 
the fingers and toes is cut off to reduce the amount of energy lost (but this kills the cells, and they go black)... yuk, 


QI Name the area of the brain that controls body temperature. [1 mark} 
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The other way 40 send information around the body (apart from along nerves) is by using hormones. 


_ Hormones Are Chemical Messengers Sent in the Blood | 

1) Hormones are chemical molecules released directly into the blood. They are carried in the blood to 
other parts of the body, but only affeot particular celle in particular organs (called forget orgnns). 
Hormones control things in organs and cells that need constant adjusiment. 

2) Hormones are produced in (and secreted by) various ploncis, called envloorine glands. 
These glands make up your endocrine system, 

8) Hormones tend to have relatively \ong-lusting effects, 

4) Hore are come examples of glands: 


THE PITUITARY GLAND 


‘The pituitary gland produc 

hormones that regulate body condone. 
It is cometimes called the ‘master gland’ 
‘because these hormones aot on other 
glands, directing them to 

‘that bring about change. 


This produces thyroxine, which is 
involved in regulating thing like 
tate of metabolism, 


adrenaline, 
which is used to prepare the 


produotion in males (see Page ™). 


"Hormones and Nerves Have Differences | 
NERVES: Very FAST action. HORMONES: SLOWER action. 
Act for a very SHORT TIME. Act for a LONG TIME. 
Act on a very PRECISE AREA. Act in a more GENERAL way. 


So if you're not sure whether « response is nervous oF hormonal, have a think... 


1) If the response is really quick, it's probably nervous. Some information needs to be passed to 
effectors really quickly (e.g. pain signals, or information from your eyes telling you about the lion 
hesiing your vay}, s0 Hs no good uaby hormones to ony the message — they're too slow. 

2) But if a response lasts for a long time, it’s probably hormonal. Ese meapleswhinluot a 3 
shook, a hormone called adrenaline is released into the body (causing the Rept or Bi repcnae, 
where your body is hyped up ready for action). You can tell it's a hormonal 
{even though it kicks in pretty quickly) because you feel a bit wobbly for a while em 


Nerves, hormones — no wonder revision makes me tense... 


Hormones control various organs and cells in the body, though they tend to control things that aren't immediately 
life-threatening (so things like sexual development, blood sugar level, water content, etc.). 


QI Why is the pituitary gland referred to as the ‘master gland"? [1 mark] 
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Blood glucose is also controlled as part of homeostasis. Insulin and glucagon are the two hormones involved. 


| Insulin and Glucagon Control Blood Glucose Level ] 


1) Eating foods containing carbohydrate puts glucose (a type of sugar) into the blood from the gut. 
2) The normal metabolism of cells removes glucose from the blood. 

8) Vigorous exercise removes much more glucose from the blood. 

4) Excess glucose can be stored as glycogen in the liver and in the muscles. 


5) The level of glucose in the blood must be kept steady. Changes are monitored and controlled 
by the puncreae, using the hormones insulin and glucagon, in a negative feedback eyole: 


Blood glucose level TOO LOW. 
ADDED 


rom we Hood. = 


| With Diabetes, You Can't Control Your Blood Sugar Level _ 
Dinboles is a condition that affects your ability to control your blood sugar level. There are {wo types: 
1) Type ! disbetoo ie where the pancrene produces little or no insulin. Thie means a person's blood glucose 
level can vice to a level that can bl thoi. People with Type I diabetes need jnniilln therapy — this 
usually involves several injeolions of insulin throughout the day, most likely at mealtimes. This makes 


sure that plueose is removed from the blood quickly once the food has been digested, stopping the 
level getting too high. very effective tveatment. The amount of ingulin that needs to be injected 


depends on the person's viet and how sotive they are, As well as insulin thera igi oth 
diabetes need to think about rs 


limiting the intake -B- suse 
(which cause the blood glucose fo rise rapidly) and faking repular exercive (which helps to 
remove excess gluoose from the blood). 
2) Iype 2 diabetes is where a person becomes pevisian! fo ‘heir own insulin (they sfill produce insulin, 
but their body's cells don't respond! properly to the hormone). This ean also cause a person's 
blood eugar level fo rise fo a dangerous level. Being overweigh! can increase your chance of 
loveloping Type 2 diabetes, as obesity is a major yiok factor in the development of the disease. 
Type 2 diabetes can be controlled by eating @ carbohydraie-conlrolled dict and getting regular exercise. 


And people used to think the pancreas was just a cushion... (true) 
This stuff ean seem a bit confusing at first, but if you learn those two diagrams, it should get a bit easier 


In the exam, you might be given a graph showing the effect of insulin on blood glucose level and be asked to 
interpret the data — if you do, just use what you know about reading graphs. Easy really. 


Q1__Describe how the blood glucose level is returned to normal when it is too high. [3 marks} 
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The Kidneys 


The kidneys are really important in this whole homeostasic thing. 


Kidneys Basically Act as Filters to “Clean the Blood” 


The kidneys make urine by faking waste produote (and other unwanted substances) out of your blood. 
Substances are filjered ou! of the blood as it passes through the kidneys. This process is called filiration. 
Useful cubstances lik ‘some ions and the right amount of waler are then absorbed back into the blood. 
This process is called welective reabsorption. The substances that are removed from the body in wrinw include: 
@urea 


1) Protoine (and the amino acide that they are broken down into) oan't be stored by the body — 
60 any exoees amino aoide are converted into fate and garbohydrates, which can be stored. 


This occurs in the liver and involves a process called deamination. Pe 
2) Ammonia is produced as a waste produot from this prooe 
8) Ammonia is toxic #0 it's converted to urea in the liver. Urea is then transported 
to the kidneys, where it’s filtered out of the blood and exoreted from the body in uring. 
@ ions 
1) fons such 98 sodium are taken into the body in fond, and then absorbed into the blood. 
2) If the ion (or water) content of the body is wrong, this could upset the balance between ions 
and water, meaning too much or too little water ia drawn into cells by oamosig (see page 21). 
Having the wrong amount of water oan damage cells or mean they don't work as well as normal, 
8) Some ions aro lost in sweat (which tastes salty, you may have noticed). However, this amount 
ie not regulated, so the right balance of ions in the body must be maintained by the kidneys. 
The right amount of ion ic reabsorbed into the blood after filtration and the rest is removed 
from the body in urine. 
© water 
1) The body has to constantly balanoe the water coming in against the water going out. 
2) We lose water from the ekin in sweat and from the lungs when breathing out. ail 
8) We can't control how much we lose in these ways, 90 the amount of water is td ot 
balanced by the amount we consume and the amount removed by the kidneys in urine. 


The Concentration of Urine is Controlled by a Hormone | 


1) The concentration of urine is controlled by @ hormone called anfi-diuretic hormone (ADH). 
This is released into the bloodstream by the pituitary gland. 

2) The brain monitors the water content of the blood and instructs the pituitary gland to release 
ADH into the blood according to how much is needed. 

8) The whole process of water content regulation is controlled by negative feedback (see page 65). 
This means that if the water content gets too high or too low a mechanism will be triggered that 
brings it back to normal. 


A receptor in the brain detects A receptor in the brain detects 
that the water content is to high thatthe water content i too low 


The eordination centre inthe brain receives 
the information and ccordnates a response 


“The pluitary gland releases less ADH, so The pituitary gland releases more ADH, so 
less water is reabsorbed from the kidney tubes mere water & reabsorbed rom the kidney tubules 


Adjusting water content — blood, sweat and, erm, wee... 
The kidneys excrete about 547.5 litres of urine a year... that’s five baths full. (Not that you should put it there.) 
QI Alcohol suppresses the production of ADH. Suggest how this can lead to dehydration. [2 marks] 
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a Kidney Failure 


If someone's kidneys stop working, there are basically two treatments — regular dialysis or a transplant. 


_The Kidneys Remove Waste Substances from the Blood 


1) Ifthe kidneys don't work properly, waste substences build up in the blood and you »'"'' 
lose your ability fo contro! the levels of ions and water in your body. Eventually, 
this results in death. 
2) People with kidney failure can be kept alive by having dinlysis trantment — 
Where machines do the job of the kidneys. Or they can have a kidney transplant. 


Dialysis Machines Filter the Blood 
» Dias has to be done regularly to keep the concentrations of dissolved substances in the blood 
at normal levels, 


to remove waste substances, 
2) In a dialysis machine the person's blood flows between partially permeable membranes, surrounded by 
dialysis fluid. It's permeable to things like ions and waste substances, but not big molecules like proteins 


(just like the membranes in the kidney). 
dials 8) The dialysis uid has the same concentration of 
asta dissolved ions and glucose as healthy blood. 
4) This means that useful dissolved long and 
won't be lost from the blood during dialysis, 


5) Only wante substances (such as urea) and 
exceas ong and water diffuse across the barrier. 


waste products 
| dialysis fluid in diffuse out 
into. dialysis fluid 


= from person 
=P back to person 


6) Many patients with kidney failure have to 
have a dialysis session throe times a woek. 
Ench soasion takes 2-4 hours — not much fun. 


7) Plus, dialysis may cause blood olots oF infections. 
8) Boing on dialysis machine is not a pleacant experience and it is expensive for the NH fo run. 
9) However, dialysis oan buy a patient with kidney failure valuable time until a donor organ is found. 


—_ —_ — 


Kidney Transplants are a Cure, but can be Rejected _ 


1) At the moment, the only oure for kidney failure is to have a kidney transplant. 
2) Healthy kidneys are usually transplanted from people who have died suddenly. 
8) The person who died has to be on the 
or carry a donor card (provided their relatives agree too). 
4) Kidneys can also be transplanted from people who are still 
alive (as we all have two of them) but there is a small risk 
to the person donating the kidney. 
5) There is also a rick that the donor kidney can be 
by the patient's immune system. The patient is treated 
with drugs fo prevent this but it can still happen. 
6) Transplants are cheaper (in the long run) than dialysis and they can put an end to the 
hours patients have to spend on dialysis, but there are long waiting lists for kidneys. 


Dialysis or transplant? Both have their downsides... 


Donor kidneys are ideally matched by blood type (and a few other things) to the recipient, which make them less 
likely to be rejected. However, it means a potentially long waiting time for a suitable kidney. 


QI What is the purpose of the partially permeable membrane in a dialysis machine? [2 marks] 
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Puberty and the Menstrual Cycle 


The monthly release of an ege from a woman's ovaries i¢ part of the menstrual cycle. 


Hormones Promote Sexual Characteristics at Puberty 


At puberty, your body starts releasing sex hormones that trigger off secondary sexual characteristics 
{such ac the development of faoial hair in men and = in women) and cause eggs to mature in women, 
+ In.men, the main reproductive hormon 


It’s produced by the testes and stimulates bomen t 4 


+ In. women, the main reproductive hormone is oestrogen. It's produced by the ovaries. 
‘As well as bringing about physical changes, oestrogen is also involved in the menstrual cycle. 


The Menstrual Cycle Has Four Stages | 


Peres a Gl 
one SS 

P Oa cic | Os, 
[oar] [ows Cr) Towy 20) [doy 2] 


Bloge!} Dey | — menstruation starts. The uterus lining breaks down for about four days. 
‘Stage 2 The uterus lining builds up again, from day 4 to day 14, into a thick spongy layer full of blood 
voxsols, ready to reveive a fertilived opp. 
Stage 3 An epe develops and is released from the ovary at day 14 — this is called ovulation. 
‘The woll is then maintained for about 14 days until day 28. If no fertilised ogg has landed on the 
uterus wall by day 28, the spongy lining starts to break down and the whole cycle starts again. 


It's Controlled by Four Hormones 


Nu ' ‘© FSH (Follicle-Gtimulating Hormone) 

1) Produced in the pituitory gland. 

2) Causes an ope to rmalure in one of the ovaries, 
in a structure called a follicle. 

8) Stimulates the ovaries to produce oestrogen. 


@ Oestrogen @© i (Luteinising Hormone) 
1) Produced in the ovaries. 1) Produced by the pifuitary gland. 
2) Causes the lining of the uterus to grow. 2) Stimulates the release of an egg 
3) Stimulates the release of LH (which causes the at day 14 (ovulation). 
release of an egg) and inhibits releave of FSH. 
@ Progesterone 


1) Produced in the ovaries by the remains of the follicle after ovulation. 

2) Maintains the lining of the uterus during the second half of the cycle. 
When the level of progesterone falls, the lining breaks down. 

8) Inhibits the release of LH and FSH. 


Which came first — the chicken or the luteinising hormone... 
Female or not, learn this page... till you know what hormone does what and understand that there graph. 
QI Name the hormone that stimulates an egg to mature in the ovary. [0 mark] 


Q2 Where is testosterone produced in the male body? {1 mark] 
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Controlling Fertility 
Pregnancy ean happen if sperm reaches the ovulated egg. Contraception tries to stop this happening. 


Hormones Can Be Used to Reduce Fertility | 


1) Oestrogen can be used to prevent the release of an egg — ¢o it can be used as a method of contraception. 
2) This may ceem kind of strange (since naturally oestrogen helps stimulate the release of eggs). 
But if oestrogen is taken every day 10 keep the level of it permanently high, it inhibits the 
production of FSH, and after a while ege development and produotion atop and stay stopped. 
3) Progesterone also reduces fertility, e.g. by stimulating the production of 
thick mucus which prevents any sperm getting through and reaching an egg. 
4) The pill i¢ an oral contraceptive containing oestrogen and progesterone 
(known as the combined oral contraceptive pill). 
5) It's over 99% effective at preventing pregnancy, but it can cause side effects like 
headaches and nausea and it doesn't protect againat 
6) There's also progestorone-only pil — Ht hae fewar side effects than the pil, and is jet as effective, 
7) Thore are other methods of contraception that use hormones: 
* Tho contraceptive patch contains oestrogen and progesterone (the same as the combined pill). 
W's a small (5 om x 5 om) patch that's stuck to the skin. Each patoh lasts ono waek, 
* The contraceptive implant is inserted under the skin of the arm. If releases a continuous amount of 
. which stops the ovaries releasing eggs, makes it hard for sperm to swim to the ogg. 
and stops any fertilised egg implanting in the ulerus. An implant can last for theae yours. 
*+ The contraceptive injection also contains progesterone, Each dose lasts 2 to 3 months, 
* An jnteautorine devioe (IUD) is a T-shaped device that is ingorted into the uterus to kill perm and 
prevent implantation of a fertilised egg. There are two main types — plastic IUDs that release 
progesterone and gopper IUDs that provent the sperm ourviving in the uterus. 


_ Barriers Stop Egg and Sperm Meeting — 


: Non-hormonal forms of contraception are designed to stop the sperm from getting to the ege. 
) Condoms are worn over the penis during intercourse to prevent the sperm entering the vagina. 
There are also female condoms that are worn inside the vagina. Condoms are the only form of 
contraception that will protect against sexually transmitted diseases. 

3) A diaphragm is @ shallow plastic cup that fits over the cervix (the entrance to the uterus) to form o barrier. 
thas fo be used with spermicide (a substance that disables or kills the sperm). 

4) Spermicide can be used alone as a form of contraception, but it is not as effective (only about 70-80%). 


| There are More Drastic Ways to Avoid Pregnancy 


STERILISATION — Steriisation involves cutting or tying the fallopian tubes (which connect the ovaries 

to the uterus) in a female, or the sperm duct (the tube between the testes and penis) in a male. 

This is a permanent procedure. However, there is a very small chance that the tubes can rejoin. 

‘TURAL’ METHODS — Pregnancy may be avoided by finding out when in the menstrual cycle the wornan 

is most fertile and on those days. It's popular with people who think that 
hormonal and barrier methods are unnatural, but it's not very effective. 

ABSTINENCE — The only way to be completely sure that sperm and egg don't meet is to not have intercourse. 


The winner of best contraceptive ever — just not doing it... 


You might be asked to evaluate the different hormonal and non-hormonal methods of contraception in your exam. 
If you do, make sure you weigh up and write about both the pros and the cons of each method. Exciting stuff. 


QI Name two forms of contraception that reduce fertility by releasing oestrogen. [2 marks} 
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More on Controlling Fertility 


Scientific advances in understanding feriiily have led to many infurlile women being helped to have babies. 


Hormones Can Be Used to Increase Fertility — 


1) Some women have levels of FSH (follicle-stimulating hormone) that are foo low to cause their 
2228 to mature. This means that no eggs are released and the women oan't get pregnant. 
2) The hormones ESH and LH can be given to women in a fertility drug to stimulate ovulation. 


It helps a lot of women to get ¥ doosn't always work — come women may have 
pregnant when previously thoy to do it many times, which can be expensive. 
couldn't... pretty obvious. ‘Too many eggs could be stimulated, resulting in 


unexpected multiple pregnancies (twins, triplets, etc.). 


IVF Can Also Help Couples to Have Children | 


If.@ woman cannot get pregnant using medication, she may chose to try IVE ("in vitro fertilisation"). 

1) IVF involves collecting apn from the woman's ovaries and fertilicing them in a lab using the man's aparin. 

2) IVF treatment can also involve a technique called Intra-Cytoplaamio Sperm Injection (ICSI), where the sperm 
is injected directly into an egg. It's useful if the man has a very low sperm count. 

8) The fertilised egge are then grown into embryos in a laboratory incubator. 

4) Once the embryos are tiny balls of oolla, one oF two of them are {ranaferrad to the woman's utorus 
to improve the chance of pregninoy. 

5) FSH and LH are given before egg collection to stimulate several eggs to mature 


(co more than one egg cnn be collected). 


[Ea] Fenty treatment can give an infertile couple n child — 0 pretty obvious benefit 


Multiple births oan happen if more than one embryo grows into a baby — thene are risky for the 
mother and babies (there's « higher risk of miscarriage, sfillbieth..). 

The success rate of IVF is low — the average success rate in the UK is about 26%. This makes 
the process incredibly cirescful and often upseHting, especially if it ends in roultiple failures. 

AAs well as being smotionally etrasoful, the process ie also physically atranaful for the woman. 

‘Some women have a strong reaction to the hormones — e.g. abdominal pain, vomiting, dehydration. 


‘Advances in microscope techniques have helped fo improve the techniques (and therefore the success rate) 
of IVF. Specislised micro-toole have been developed fo use on the eggs and sperm under the microscope. 
They're also used 40 remove single cells from the embryo for genetic tecting (to check that it is healthy — 
see page 93). More recently, the development of jime-lapse imaging (using a microscope and camera built 
info the incubator) means that the growth of the embryos can be continuously monitored to help identify 
those that are more likely to result in a successful prepnanoy. 


Some People Are Against IVF_ 
1) The provess of IVF often results in unused embryos that are eventually destroyed. Because of this, 
some people think i is unethical because each embryo is a potential human life. 


2) The gonetic testing of embryos before implantation also raises ethical iseues aa some people think 
it could lead to the selection of preferred charaoteristioa, such as gender or eye colour. 


Nothing funny here, sorry... 

Fertility treatment can help to increase the chance of pregnancy, but it ean be hard on those involved. 

QI What is the role of FSH and LH during IVE? [0 mark] 
Q2 Give one drawback to using hormones to increase fertility. [1 mark] 
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‘Adrenaline and Thyroxine 


You've met a lot of human hormones so far, but {wo more won't hurt. Then that's it, | promise... 


Adrenaline Prepares You for “Fight or Flight” 


1) Adrenaline is a hormone released by the adrenal glands, which are just above the kidneys (see p.73). 

2) Adrenaline is released in response to stressful or sary situations — 
your brain detects fear or stress and sends nervous impulses to the 
‘adrenal glands, which respond by secreting adrenaline. 

8) It gets the body ready for ‘fight or flight’ by triggering mechanisms 
that inorease the supply of oxygen and glucose to cells in the 
brain and musoles. For example, adrenaline increases hoort rate, 


te 


| Hormone Release can he Affected by Negative Feedback | 


Your body can control the levele of hormones (and other cubstances) in the blood using negative feedback 
aystome. When the body detecte that the level of # cubstance has gone above or below the normal level, 
it {riggers a responge to bring the level back to normal again. Here's an example of just that: 


Thyroxine Regulates Metabolism srieeiniantiis 

1) Thyroxine ts @ hormone relessed by the thyrold gland, 5 isidiemdanenee = 
whioh is in the peck (eee p.79). UTC anes eaei Ng 
{ft plays an important role in regulating the boa! metabolic rule — the speed at which chemical 
reactions in the body occur while the body is af res!. Thyroxine is also important for londs of 
processes in the body, such as stimulating protein oynthenia for grow!h and development. 
3) Taso ig released in response to thyroid stimulating hormone (TSH), which is released from 

the pituitory gland. 


2) 


4) A vopative foodbuck eyetorm keeps the amount of thyroxine in the blood at the right level — 
when the level of thyroxine in the blood is highor than normal, the seoretion of ahi 
from the pituitary gland ie inhibited (stopped). This rodunes the amount of thyroxine released 
from the thyroid gland, so the level in the blood {all back towards normal. 


Negative feedback sucks, especially from your science teacher... 
‘You can think about negative feedback working like a thermostat — if the temperature gets too low, the thermostat 
will turn the heating on, then if the temperature gets too high, it'll turn the heating off again. 

QI. Name the gland that releases thyroxine. [1 mark] 


Q2 Describe the response if the level of thyroxine in the blood gets too high. [3 marks] 
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Plant Hormones 


Plant don't just grow randomly. Plant hormones make sure they grow in the right direction. 


Auxin is a Plant Growth Hormone | 

1) Auxin is plant hormone that controls growth near the tips of shoots and roots. Naiet 

2) It controls the growth of a plant in response to light (phototropiam) and 

‘Stavity (gravitropism or geotropism). 

8) Auxin is produced in the tips and moves backwards to stimulate tho cell elongation 
{enlargement} process which ocours in the celle just behind the tips. 


4) If tho tip of a shoot is removed, no auxin is availablo and the shoot may stop growing. 
5) Extra auxin promotes growth in the shoot but inhibits growth in the root — producing the desired result... 


ry w towards light 


1) When a choot tip is exposed to light, more auxin aooumulates on Ry 
the side that's in the ghado than the side that's in the light. y4 


2) This makes the cells grow (elongate) faster on the shaded side, $ »f 
0 the choot bonds towards the light, : 


1) When a shoo! is growing sideways, gravily produces an unequal a = 
distribution of auxin in the tip, with more auxin on the lower side. Hil db 

2) This causes the lower side to grow faster, bending the shoot upwards. Ny 

8) A roo! growing sideways will also have more auxin on ite lowor side. =>» == 

4) But in a root the extra auxin inhibits growth, This means the tu Fig 
cells on top elongate faster, and the root bends downwards. " 


You can Investigate Plant Growth Responses (emerca] 


‘You can investigate tho effect of ligh! on the prowll of crass woods like this... 

1) Put 10 crous seed info three different Petri dishes, each lined with moict filter paper. 
(Remember to label your dishes, e.g. A, B, C.) 

2) Shine a lihi onto one of the dishes from above J , > 
and two of the dishes from different direotion®, ——> 

8) Leave your poor little cress seeds alone for one work SD — ad => 
until you oan observe thelr eeoponees — and hey proto, és 

oul find the seedings gr towards th ight feta) 

1) "You ot that th gma emma oF tba rend ooecl ub to fad oh: tobe and ol other vetoes 
Examples of variables 
fo control are: 


Horners ‘umber of seeds | use the same number af seeds in each dish 
ss eeiget te fs 
gromth, Just place four 


Hon wool in a Petri dish, each wi 


type of seed | use seeds that all come fram the same packet 


keep your Petri dishes in a place where the temperature 


wh sow pt Sire econ =| temperature | is stable (ie. away fom heat sources and draughts) 
dys inthe dark You should find that the water Use a measuring cylinder to add the same amount of water 


ots ofeach sxedhng grow dowd 
jubaliiunutuisurinntiins [light intensity | keep the distance between the bulb and dish the same 


A plant auxin to a bar — ‘ouch’... 
‘You need to be able to draw labelled diagrams to show the results of your experiment, Make sure you do it neatly. 
QI Explain what causes plant shoots to grow towards light, [2 marks] 
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Commercial Uses of Plant Hormones 


Plant hormones can be extracted, oF arlifiolal eoplee ean be made. They can then be used to do all kinds 
of useful things, including killing weeds, growing cultings and ripening fruit. 


Auxins Have Many Uses | 
Auxine are useful for controlling plant growth. Here are some of the ways they come in ha 


1) KILLING WEEDS — Most woeds growing in fields of orops or in a lawn are 
brond-loaved, in contrast to grasa and corals which have very narrow leaves. 
Selective weedkillers have been developed using auxine, which only affect the = } 
brond-leaved plants. They totally disrupt their normal growth patterns, Gana 


which soon kills them, whilst leaving the graus and crops untouched. 
2) GROWING FROM CUTTINGS WITH ROOTING POWDER — A cutting is part of a plant that has 
been out off it, ike the end of a branch with a few leaves on it. Normally, if you stick cuttings 
in the soil they won't grow, but if you add rooting powder, which contains auxing, they will 
produce roots rapidly and start growing as pow plants. This enables growers to produce 
lots of clones (exact copies) of a really good plant very quickly. 
3) GROWING CELLS IN TISSUE CULTURE — Tigaue culture oan be used to grow olones of a plant from 
14 fow of ite colle. To do thie, hormones such as auxine need to be added to the growth mediurn 
(along with nutrients) to stimulate the cells to divide to form both roots and shoots. 


Gibberellin Stimulates Plant Stems to Grow 


Gibborellin ie another type of plant growth hormone. It stimulates = 

seed germination, atem growth and lowering. Ite uses includ , 

1) CONTROLLING DORMANCY — Lots of seeds won't germinate until they've been es frou pertain 
conditions (¢.g. @ period of gold or of drynens). This is called dormancy. Seeds oan be treated 
with gibberellin to alter dormancy and make them germinate at times of year that they wouldn't 
normally. It also helps to make euro all tho seeds in a batch germinate at the game time. 

2) INDUCING FLOWERING — Some plants require certain conditione to flower, such as longer days or 
low temperatures. If these plants are treated with gibberellin, they will flower without any change in 
their environment. Gibberellin oan also be used to grow bigger flowers, 

8) GROWING LARGER FRUIT — Seedless varieties of fruit (¢.g. seedless grapes) offen 

as ceeded fruit. However, if gibberellin is added to these fruit, 
‘they will grow larger to match the normal types. 


_Ethene Stimulates Ripening of Fruit | 


1) Ethene is @ gas produced by aging pale of a plant. It influences the growth of the 
plant by controlling cell division. If also stimulates enzymes that cause fruil to ripen. “1. in 

2) Commercially, it cen be used 10 speed up the ripening of fruits — either while they are stil on the plant, 
or during transport to the shops. 

8) This means that fruit can be picked while it's still unripe (and therefore firmer and 
The gas is then added to the fruit on the way fo the supermarket so that it will be perfoct just as it 
reaches the shelves. 

4) Ripening can also be delayed while the fruit is in storage by adding chemicals that blook ethene’s effect 
on the fruit or reduce the amount of ethene that the fruit can produce. Alternatively, some chemicals 
can be used that react with ethene fo remove it from the air. 


You will ripen when I SAY you can ripen — and NOT BEFORE... 
Three different hormones, many different uses. Bet you didn’t know plant hormones could be so usefil.. 
QI Give one way that gibberellin is used commercially, [1 mark] 


Topic 5 — Homeostasis and Response 


83 


Revision Questions for Topic 5 


Congratulations, you've made it to the end of Topic 5 — now for some questions to make sure you've 
been paying attention... 


+ Try these questions and fiok off each one when you got it right. 
* When you've done all the questions under a heading and are completely happy with it, tick it off. 
Homeostasis and the Nervous System (p.65-72) 
1) What is a stimulus? 
2) Explain how negative feedback helps to maintain a stable internal environment. 
3) What makes up the central nervous system and what doos it do? 
4) What is a synapse? 
5) What is the purpose of a reflex action? 
6) What isa tion time? 
7) Give one thing the oorebral cortex is responeible for. 
8) Give three methods used by scientists to study the brain, 
9) Explain the roles of the following parts of the eye: 
a) cornea b) irie ©) lene 
10) Describe the irie reflex. Why is this needed? 
1) What is the medical term for short-uightednens? 
12) Give three thinge that the body can do to reduce heat loss if it gets too cold. 
Hormones in Humans (p.73-80) [_] 
13) What is a hormone? 
14) Give two differences between nervous and hormonal responses. 
15) Where is exooss glucose stored in the body? 
16) What effect does the hormone glucagon have on blood glucose level? 
17) What is the difference between how type | and type 2 diabetes are usually controlled’? 
18) Name three things that are reabsorbed by kidneys. 
19) What hormone controls the amount of water reabsorbed by the kidneys? 
20) What are the advantages and disadvantages of a kidney transplant over dialysis? 
21) Draw a timeline of the 28 day menstrual cycle. 
Label the four stages of the cyole and label when the ogg is released. 
22) Describe two effects of FSH on the body. 
23) Which of the following is a hormonal contraceptive — condom, plastic IUD or diaphragm? 
24) Briefly describe how IVF is carried out. 
25) How does adrenaline prepare the body for ‘fight or flight"? 
Plant Hormones (p.81-82) ["] 
26) What is auxin? 
27) What is: a) phototropism? b) gravitropism? 
28) Explain how auxin causes plant roots to grow downwards. 
29) Give three ways that auxin can be used commercially. 
80) Which plant hormone is responsible for fruit ripening? 
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DNA 


The first step in understanding genetics is getting 10 gripe with DNA and genes. 


Chromosomes Are Really Long Molecules of DNA | 
1) DNA stands for deoxyribonucleic goid. H's the chemical Seine 
that all of the genetic material in o cell is rnade up from. net page fr 
2) It contains coded information — basically all the fi 
instructions to put an organism together and make it work. 
8) So it’s what's in your DNA that determines what inherited characteristics you have. 
4) DNA is found in the nucleus of animal and plant celle, in really long structures called chromonomes, 
5) Chromosomes normally come in paits. 
6) DNA is a polymer. t's made 
up of two strands coiled == > 


ADNA molecule 


togethar in the shape of hadley 
a double helix. | (1 double- 
va stranded npiral). 


A Gene Codes for a Specific Protein | 


1) A gone is a small section of DNA found on a chromosome. 


2) Each gene codes for (tolle tho cells to make) @ partioular eequence of amino acids which aro 
put together to make a specific protein. 


3) Only 20 amino acids are used, but they make up thousands of different proteing. 
4) Genes simply tll cella in what order to put the amino acids together 

(more on this on the next page). 
5) DNA also determines what proteing the cell produces, @.g. haemoglobin, keratin, 
6) That in turn determines what type of coll it is, e.g, red blood cell, skin coll. 


| Every Organism Has a Genome _ 


1) Genome is just the fanoy term for the entire oot of genetio material in an organism. 
2) Scientists have worked out the complete human genome. 


3) Understanding the human genome is a really important tool for golenve and medicine for many reasons. 


1) I allows scientists to identify genes in the genome that are linked to different types of disease. 

2) Knowing which genes are linked to inherited diseases could help us to understand 
them better and could help us to develop effective treatments for them. 

3) Scientists can look at genomes to trace the migration of certain populations of people around 
the world, All modern humans are descended from a common ancestor who lived in Africa, 
but humans can now be found all over the planet. The human genome is mostly identical in all 
pene but as different populations of people migrated away from Africa, they gradually 

developed tiny differences in their genomes. By investigating these differences, scientists can 
work out when new populations split off in a different direction and what route they fook. 


Insert joke about genes and jeans here... 

‘There are so many, I thought you could come up with your own as a bit of light relief. 

Make sure that you're clued up on this stuff about DNA, genes and proteins before you move on. 
Ql Whatisagene? 


[3 marks} 
Q2— What is an organism's genome? [1 mark] 
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‘The Structure of DNA and. Protein Synthesis 


So here's how life works — DNA molecules contain a genetic code that determines which proteins are built. 


_ DNA is Made Up of Nucleotides — 


J Part of a ONA atrand 
1) DNA strands are polymers made up of lots of sugpr-phoephale backbens: 
repeating units called nucleotides. ugar 
2) Each nucleotide consists of one sugar molecule, 
one phosphate molecule and one ‘base’. 
3) The sugar and phosphate molecules in the nucleotid nucleotide 
form a ‘backbone’ to the DNA strands. The sugar and VW 
phosphate molecules alienate. One of four different | 
bases — A, T, C or G — joins to each sugar. . 
4) Each base links to @ bace on the opposite strand in the helix. base on one 
5) A always pairs up with T, and C always pairs up with 6. noes eres 
This ic called complementary bave pairing. the othor 
6) It's the order of bases in a gene that decides strand bases 


tho order of amino aoid in a protein. 

7) Ench amino acid is coded for by a sequence of three bases in the gene. 

8) Tho amino acids are joined togothor to make various proteins, 
dopending on the order of the gene's bases. 

9) There are parts of DNA that don't code for proteing. Some of thene non-coding parte switch 
‘genes on and off, £0 thoy control whether or not a gone is expressed (used to make a protein). 


mRNA Carries The Code to The Ribosomes 


1) Proteins are made in the cell cytoplasm on finy structures called ribosomes. 
2) To make proteins, ribosomes use the code in the DNA. DNA is found in the coll nucleus and can't move 
out of it because it's really big. 0 the cell needs fo get the code rom the DNA fo the ribosome, 


3) Thie ie done using a molecule called mRNA — which iz made by copying the code from DNA. The mRNA 
acts as a messenger between the DNA and the ribosome — it carries the code between the two. 


4) The correct amino aoids are brought to the ribosomes in the correct order by carrier molecules. 


Proteins Have Many Different Functions | 


When a chain of amino acids has been assembled, it folds into a unique shape which allows 
the protein to perform the task it's meant to do. Here are a few examples of types of protein: 


1) ENZYMES — act es biological catalyats to speed up chemical reactions in the body (see page 28). 


2) HORMONES — used to carry messages around the body. E.g. insulin is a hormone 
released into the blood by the pancreas to regulate the blood sugar level. 


3) STRUCTURAL PROTEINS — are physically strong. E.g. collagen ie a structural 
protein that strengthens connective tissues (like ligaments and cartilage). 


Q: What do DNA and a game of rounders have in common? 

‘A: four bases. Remember — the order of these bases in the DNA is copied into mRNA, which then moves to the 
ribosomes, Here, the chain of amino acids is assembled according to the order of the bases. 

QI Which bases pair up according to complementary base pairing? (2 marks} 
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Sometimes the sequence of DNA bases can be changed. These changes are called mutations. Read 


| Mutations are Changes to the Genetic Code | 


1) Occasionally a gene may mutate. A mutation is a random change 
in an organism's DNA. They can somotimou be inherited. 


2) Mutations occur continuously. They can occur 


@.g. when a chromosome 


spontaneously, 
isn't quite replicated properly, However, the change of mutation is increased by exposure 


to certain substances or some types of radiation. 


3) Mutations 


of the DNA bases in gene, which produces a genetic variant 


(a different form of the gene). As the sequence of DNA bases codes for the sequence of 
amino acide that make up a protein (see page 84), mutations to a gene sometimes lead to 


changes in the protein that it codes for. 


4) Most mutations have very little or no effect on the protein. Some will change 
it to such a gmall extent that ite function or appearance ie unaffected. 


5) However, some mutations can 


protein. Sometimes, the mutation will code for an 


altered protein with a change in its shape. This could affeot its ability to perform its function, E.g. 


1) Ifthe shape of an 


6) egremesemnnen rescein-ne prane erect 


enzyime’s active gite is changed, 
‘te substrate may no longer be able to bind to it, 


2) Stet roa the oolagen cul las the alanath tok shape ie| 
uselonn at 


Tomine 
mente 


Therds mon 
ncoding OF 
5, he pero pe 


otructure and ou 


_ There Are Different Types of Mutation, For Example... _ 


1) Ingertions are where @ new base Is inserted into 
the DNA base sequence where it shouldn't be, 


2) You chould remember from page 85 that 


‘every three bases in a DNA base sequence 
eta for sported aia ald 
8) An insertion changes the way the groups of 
three bases are ‘read’, which oan change 
‘the amino acids that they code for. 


4) Insertions can change more than one amino 
acid as they have a knock-on effeot on 
the baves further on in the sequence. 


Cg omen TA Te TTT 
‘ie 


wont Tit? PELE 


‘ote “ey 


1) Deletions are when a random base is 
deleted from the DNA base sequence. 

2) Like insertions, they change the way 
‘that the base sequence is ‘read’ and 
have knock-on effects further down the 
‘sequence. 


‘Substitution mutations are when a random 
bate in the DNA base sequence is changed to a 
different base. 


Eg Ongndeme TA TIA O TO TT 


Mutated gone | A TEA 9 Veh TT 
‘conti, My 


‘coded for 


Mutations — sometimes known to give ninja superpowers... 
Remember, changes in bases ean affect the amino acid sequence, and therefore the protein coded for. 


QL What isa mutation? 


Q2 Explain why the function of a protein may be affected by a gene mutation, 
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O00 err, reproduction... Surely you knew it'd come up af come point. It can happen in two different ways... 
Sexual Reprodu Produces Genetically Different Cells 


1) Sexual reproduction is where genetic information from fwo organisms (a father and a mother) 
is combined to produce offspring which are genetically different to either parent. 
2) In sexual reproduction, the mother and father produce gametes 
by meiosis (see next page) — e.g. egp and gperm cells in animals. 
8) In humans, each gamete contains 23 chromosomes — half the number of chromosomes in 
normal cell. (Instead of having iwo of each chromosome, a gamete has just one of each.) 
4) The ogg (from the mother) and the sperm oell (from the father) then fuse togethor (fertilisation) to form 
coll with the full number of chromosomes (half from the father, half from the mother). 


ION involves the fusion of male and female gametes. 
Because there are TWO parents, the offapring contain 


Tamales) Offoprin 
Fertilisation: \_°"_@)—> @) = @ ferttined egg 


5) This is why the offapring inhorita fontures from both parents — i's received « mixture of 
chromosomes from its mum and ite dad (and it's the chromosomes that docide how you turn out). 

6) This mixture of genetic information produces variation in the offspring. Pretty cool, eh. 

7) Flowering plants can reproduce in this way 100. Thay also have op celle, but their version of sperm is 
known os pollen. Hmm... I'm having sooond thoughts about frolicking in that meadow now. 


"Asexual Reproduction Produces Genetically Identical Cells 


|) In asexual reproduction there's only one parent so the offspring are genetically identical to that parent. 
2) Asexual reproduction happens by mitosis — an ordinary cell makes a new cell by 
dividing in two (see page 16). 
3) The new coll has exactly the same genetic information (i.e. genes) as the parent oell 
called a clone. 


in AREXOIAL REPRODUCTION there's orky Q4E parent There's no fusion of gametes, 
no mixing of chromosomes and no genetic variation between parent and offspring. 
The offspring are genetically identical to the parent — they're clones. 


You need to reproduce these f facts ii in the exam... 

The main messages on this page are that: 1) sexual reproduction needs two parents and forms cells that are 
genetically different to the parents, so there's lots of genetic variation, And 2) asexual reproduction needs 

just one parent to make genetically identical cells, so there's no genetic variation in the offspring. 

QI What type of cell division is involved in asexual reproduction? (1 mark] 


Q2 Suggest why there is varlation in the offspring of sexual reproduction. [2 marks} 
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Meiosis 


Now I bet you're wondering how gametes end up with luli the number of chnomosomes of a normal cll 
or maybe you're not. Well, I'm going to tell you anyway. Step forward the marvellous process of meiosis. 


| Gametes Are Produced by Meiosis 


1) a you know from the previous page, gametes only have one copy of each chromosome, so that 
when gamete fusion takes place, you get the right amount of chromosomes again (two copies of each). 
2) To make gamotes which only have half the original number of chromosomes, cells divide by meiosis. 
This process involves two cell divisions. In humans, it only happens in the 
(the ovaries in fomalos and testes in males). 


Meiosis Produces Cells Which Have Half the Normal Number of Chromosomes 


Before the cell starts to divide, it duplicates ita genetic 

Information, forming two armed chromosomes — one arm of 
‘each chromosome is an exact copy of the other arm. After 
roplication, tho chromosomes arrange themselves into para. 


{In the frat division in molosis the chromosome 
y pairs line up in the centre of the cell, 


Tho pairs are then pulled apart 60 each new cell only has 
‘one copy of each chromosome. Some of the fathor's 
chromosomes (shown in blue) and some of the mother's 
chromosomes (shown in red) go info each new ool 


In the gooond division, the chromosomes 
ling up again in the contro of the ool 
The arms of the chromosomes are pulled apart. 


You get four gametes, each with only a single set 


of chromosomes in it. Each of the gametes is 
‘genetically different from the others because the 
chromosomes all get shuffled up during meiosis and 


each gamete only gets half of them, at random. 


| The Cell Produced by Gamete Fusion Replicates Itself _ 
1) After two gametes have fused during fertilisation, the resulting new cell prvuarsiesnviniaes 
divides by milosie to make a copy of itself, Theres leads op = 
2) Mitosis repeats many times 40 produce lols of new cells in an embryo. A 
8) As the embryo develops, these cells then start to differentiote (see page bg 
into the differen! types of specielised cell that make up a 


Now that I have your undivided attention... 
Remember, in humans, meiosis only occurs in reproductive organs where gametes are being made. 
QI How many cell divisions take place in meiosis? {1 mark] 
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More on Reproduction 


AAs the line in Oliver Twist goes, "Please cir, 1 want some more... information about the types of reproduction". 
Something like that anyway. I'm feeling like a generous workhouse master today, so here's @ full page. 


Sexual Reproduction Has Advantages Over Asexual Reproduction 


1) Offspring from sexual reproduction have a mixture of two sets of chromosomes. The organism inherits 
genes (and therefore features) from both parents, which produces variation in the offspring (see p.87). 

Variation inoreases the chance of a species aurviving a change in the environment. While a change 

the environment could kill come individuale, it's likely that variation will have led to gome of the offspring 

being able to gurvive in the new environment. They have a gurvival advantage. 

Because individuals with characteristics that make them better adapted to the environment have 

# better chance of survival, they are more likely to breed successfully and pass the genes for 

the characteristios on. This is known as natural selection (see p.96). 

We can use selective breeding to speed up natural selection. This allows us to produce animals with 


4) 


can inorense food produotion, o.g. by breeding that produce a lot of moat. 


Asexual Reproduction Has Advantages Over Sexual Reproduction | 


1) There only needs to be one parent. 
2) This means that asexual reproduction uses leas energy than 
sexual reproduction, because organisms don't have to find a mate. 
8) Thio also means that asexual reproduction is faster than sexual reproduction. 
4) Many identical offapring can be produced in favourable conditions. 


Some Organisms Can Reproduce by Both Methods — 


Some organisms can reproduce sexually or asexually depending on their circumstances. 
‘You need to know these examples: 


1) Malaria is caused by 0 paratite that's opread by mosquitoes — see page 47. When a mosquito 
carrying the parasite bites a human, the parasite can be transferred to the human. The parasite 
reproduces sexually when it's in the mosquito and asexually when it's in the human host. 

Many species of fungus can reproduce both sexually and asexually. These species release spores, 
which can become new fungi when they land in a suitable place. Spores can be produced sexually and 
asexually. Asexually-produced spores form fungi that are genetically identical to the parent fungus. 
‘Sexually-produced spores introduce variation and are often produced in response to an unfavourable 
‘change in the environment, inoreasing the chance that the population will survive the change. 

Loads of species of plant produce seeds sexually, but can also reproduce asexually. 

‘Asexual reproduction can take place in different wayo. For example, strawberry plants produce 
‘runners’. These are stems that grow horizontally on the surface of the soil away from a plant. 

At various points along the runner, a new strawberry plant forms that is identical to the ®- 


2) 


3) 


original plant. Another example is in plants that grow from bulbs (e.g. daffodils). 
‘New bulbs can form from the main bulb and divide off. Each new bulb can grow 
into a new identical plant. 


Well that’s reproduction sorted... Well that’s reproduction sorted... 


It’s key here to remember that both types of reproduction have their own different advantages, 
Make sure you also know about organisms that can reproduce by both methods. 


QI Give three advantages of asexual reproduction over sexual reproduction [3 marks} 
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X and Y Chromosomes 


Now for a couple of very important litle chromosomes... 


Your Chromosomes Control Whether You're Male or Female 


There are 23 pairs of chromosomes in every human body cell (page 16). OF these, 22 are matched pairs 
of chromosomes that just control characteristios. The 2Grd pair are labelled XY or XX. They're the two 
chromosomes that decide your sex — whether you turn out male or female, 


Malas have an X and a Y chromosome: XY 
The causes male charaoteristios. 
Females have two X chromosomes: XX 
The XX combination allows female characteristics to develop. 


When making sperm, the X and Y chromosomes are drawn 
apart in the first division in meiosis (see page 88). 


A cimilar thing happens when making eggs. But the original 
coll hae two X-chromosomes, so all the egge have one 
X-chromosome. 


Genetic Diagrams Show the Possible Gamete Combinations 


1) To find the probability of getting a boy or a girl, you can draw a genetic diagram. 


2) Genetio diagrams are just models that are used to female ® 
show all the possible genetic outcomes when you gametes C3) 


cross together different genes or chromosomes. (eas) 
8) Put the possible gamates (oggs oF sperm) RR XK 
from one parent down the side, and those t—- | 
from the other parent along the top. Ay xy 
4) Then in each middle square you fill in the letters posable 
from the top and side that line up with that combinations 
ware. The pairs of letters in the middle show of gametes... 
the possible combinations of the gametes. enw aloe 0¢¥) and two females 0). 


5) There are two XX results and {wo XY results, so there's the same probability of geting a boy or a girl. 
8) Don't forget that this 60:50 ratio is only a probability at each pregnancy. 
The other type of genetic diagram looks a bit more 


female male complicated, but it shows exactly the same thing. 
(xx) (xy) 1) At the top are the parents. 


2) The middle circles chow the possible gametes that are 
BANG iS- formed. One gamete from the female combines with one 
Barete from the male (during fertilisation). 
‘The criss-cross lines show all the possible ways the X and Y 
chromosomes could combine. The possible combinations 
of the offspring are shown in the bottom circles. 
Remember, only one of these possibilities would 

for any one offspring. 


3) 


4) 


Most genetic diagrams you'll see in exams concentrate on a gene instead of a chromosome. 
But the principle’s the same, Don't worry — there are loads of other examples on the following pages. 
QI What combination of sex chromosomes do human females have? (1 mark] 
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Genetic Diagrams 


Genetic diagrame, eh. They're not as scary as they look — you just need to practise them... 


Some Characteristics are Controlled by Single Genes 


1) What genes you inherit control what characteristics you develop. 

2) Different genes control different characteristics. Some characteristics are controlled by a single gene, 
e.g. mouse fur colour and red-green colour blindness in humans. 

8) However, most characteristics are controlled by several genes interacting. 

4) All genes exist in different versione called allolos (which are represented by letters in genetic diagrams). 

5) You have two versions (alleles) of every gene in your body — one on gach chromosome in a pair. 

6) If an organism has two alleles for a particular gene that are the same, then it's homozygous for 

that trait. If its two alleles for a particular gene are different, then it’s heterozygous. 

If the two alleles are different, ‘only one can determine what choracteristic ie present. The allele for 

the in called the dominant allele (use « copital letter for dominant alleles — 

.'C'). The other one is oalled recessive (and you show these with small letters — o.g. 'c'). 


For an organism to display a recessive charaoteristio, both ite alleles must be recessive (0.g. co). 
But to display a dominant charaoteriatio the organism oan be sithar CC or Co, because the 
dominant allele overrule the recessive one if the plant/animal/other organism is heterozygous, 


9) Your genotype is the combination of alleles you have. Your alleles work at a molecular 
level fo determine what characteristics you have — your 
_Genetic Diagrams Show the Possible Alleles of Ortepring 


‘Suppose you start breeding hamsters with superpowers. The allele which causes hamsters to have 
‘superpowers is recessive ("b"), whilst normal (boring) behaviour is due to a dominant allele ("B"). 
1) A ouperpowered hamster must have the genotype bb. But a normal hamster could be BB or Bb. 


7 


Parents’ phenotypes: 


: You ean also show genetic ie 
Parents’ genotunes: ‘crosses in a Punnelt square, feral 
Gamotec' genotypes: ‘e 
onal Oar ooh ec 
bite : OCU 
Offspring's phenotypes: All the offopring are norinal (boring). the squares 
8) If two of these offupring now breed, you'll get the next generation: 
Parente’ phenotypes: 
Parents’ genotypes: 
Gametes’ genotypes: 


Offspring’s genotypes: 
Offepring's phenotypes: Normal Normal Normal Guperpoweredt oy 
4) That's # 3:1 ratio of normal to superpowered offspring in this generation 
(a Lin 4 oF 25% probability of superpowers). 


Your meanotype determines how nice you are to your sibling... 
‘You need to be able to produce and interpret both of these types of genetic diagram for the exam. 
QI Define genotype and phenotype. {2 marks} 
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More Genetic Diagrams 


You've got to be able to bended and explain the outcomes of crosses between individuals for each possible 
gombination of dominant anc id recessive alleles of a gene. You should be able to draw a genetic diagram 
‘and work it out — but it'll be easier if you've seen them all before. So here are a couple more examples 
for you. You also need to know how to interpret another type of genetic diagram called a family tree. 


| All the Offspring are Normal 


Let's take another look at the superpowered hamster example from page 91 
In this cross, a homozygous dominant hamster But, if you orossed a homozygous dominant 
(BB) is crossed with a homozygous recessive hamster (BB) with a heterozygous hamster (Bb), 

hamster (bb). All the offepring are normal (boring). you would aleo get all normal (boring) offepring. 


normal ——_euperpowerwd rormal rornal 


‘Thoy/re all normal (boring). ‘They/r0 all normal (boring). 


To find out which it was you'd have to breed the offapring together and see what kind of ratio you got 
that time — then you'd have a good idea. If it was 3:1, its likely that you originally had BB and bb. 


| There’s a 1:1 Ratio in the Offspring _ 


‘Aco with long hoir was bred with another oat with 
The long hair is caused by @ dominant allele ‘H', and the short 
hair by @ recossive allele 
They had 8 kittens — 4 with long hair and 4 with short hair, 
This is a J: ratio — it's what you'd expect when a parent with 
‘only one dominant allele (heterozygous — Hh) is crossed with a 
parent with two recessive alleles (homozygous recessive — hh). 


You Need to be Able to Interpret Family Trees 


Knowing how inheritance works can help you to interpret 
a family tree — this is one for cystic fibrosis (p.93). pts, Suen 

1) From the family tree, you can tell that the allele for L--O 
oystic fibrosis isn't dominant because plenty of the 
family carry the allele but don't have the disorder, ( 

2) There is a 25% chance that the new baby will have nd ® ] 
the disorder and @ 50% chance that it will be a + 
carrier, as both of its parents are carriers but are 
unaffected. The case of the new baby is just the Wil new baby 
‘same as in the genetic diagram on page 93 — so 
the baby could be unaffected (FF), a carrier (Ff) or have cystic fibrosis (Ff). 


It’s enough to make you go cross-e) 
In the exam, you might get a family tree showing the inheritanc 
be any carriers shown, practice question from the realm of mythical creatures, 
Qi In merpeople, the dominant allele, T, causes a long tail and the recessive allele, t, causes a short tail. 
Using a Punnett square, predict the ratio of long to short tailed merbabies for a cross between a 
heterozygous merman and a mermaid who is homozygous recessive for tail length, [3 marks} 


there won't 
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Inherited | Disorders 


Some disorders oan be inherited from your parents. Many of these can be sereened for in embryos. 


Cystic Fibrosis is Caused by a Recessive Allele 


is @ genetic disorder of the gell membranes. It results in the body 
producing a lot of thick sticky mucus in the air passages and in the pancreas. 
1) The allele which causes cystic fibrosis is a recessive allele, 
'P, carried by about | person in 25. 
2) Because it's recessive, people with only one copy of the 
allele won't have the disorder — they're known as gorriers. 
8) For a child 40 have the disorder, both parents must be 
either carriers oF have the disorder themselves. 
4) As tho diagram shows, there's Lin 4 change of a child 
wunaected carver carer han apt fibrosis having the disorder if both parents are carriers. 


naifected but carver unaleted, but carter 


Polydactyly is Caused by a Dominant Allele 
Poludootuly is @ genetic disorder where a baby's born with wxtra fingers oF foes. 
It doesn’t usually cause any other probleme Go \i0't lif-threntoning. 


1) The disorder ie caused by a dorminan! allele, 'D', and a0 can 
be inherited if just one paren! carries the defective allele. 


2) Tho parent that lwo the defective allele will have 
‘the condition too cinoe the allele ie dominant. 


8) As the genotic diagram shows, there's a fi chanoy of iu) 
2 child having the disorder if one parent has ove D allele. pebrdcly —unaecte padacyly vnaBeed 


Embryos Can Be Screened for Genetic Disorders | 

1) During in vitro fertilisation (IVF), embryos are fertilised in a 

laboratory, and then implanted into the mother's womb. 

2) Before being implanted, it's possible to remove a cell from each embryo and analyse its genoa. 
8) Many genetic disorders can be detected in this way, such as cystic fibrosis. 

4) It's also possible to get DNA from an embryo in the womb and test that for disorders. 

5) There are lots of ethical, cocial and eoonomig concerns surrounding embryo screening. 

6) Embryonic screening is quite controversial because of the decisions it ean lead to. 

7) For embryos produced by IVE — affer coreening, embryos with ‘bad alleles would be destroyed. 
8) For embryos in the womb — screening could lead to the decision to terminate the pregnancy. 
9) Here are some more arguments for and against sereening: 


Against Embryonic Soreening For Embryonic Screening 
1) Ht implies that people with genetic problems are | 1) It will help to stop people suffering. 
‘undesirable’ — this could increase prejudice. | 9) Treating disorders costs the Government 
2) There may come a point where everyone wants (and the taxpayers) a lot of money. 
to screen their embryos so they can pick the | 3) There are laws to stop it going too far. 


most ‘desirable’ one, e.g. they want a At the moment parents cannot even select 
blue-eyed, blond-haired, intelligent boy. the sex of their baby (unless it's for health 
8) Screening is expensive. reasons). 
Embryo screening — it’s a tricky one. 
Try writing a balanced argument for and against embryo screening — it’s good practice. 
QI Why won't someone heterozygous for the cystic fibrosis allele have the disorder? [3 marks] 
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The Work of Mendel 
Some people forget about Mendel but | reckon he's the Granddaddy of Genetics. Here's a whole page on him. 
Mendel Did Genetic Experiments with Pea Plants 


Gregor Mende! was an Austrian monk who trained in mathematics and notural history Pees out 
at the University of Vienna, On hie garden plot at the monastery in the coi (9th ovnurys 

Mendel noted how chorecteristios in plon{s were passed on from one generation to the next. 
The results of his research were published in |806 and eventually became the founslation 

of modern gertion, 

The diagrams show two proven for height in pow planty that Mendel carried out... 


[Second Cross | 
‘Atall pon plant and a dwarf pea plant are crossed ‘Two poa plants from the lat set of offepring are crossed 
Parente: Tal Doel. Tal Tal 
pea plant pea plant Parents: pea plant pea pleat 
A 
‘AI tall pon planto ‘Throe tail pea plants and one dwarf pos plant 


midds ~~ Sods 


Mendel Reached Three Important Conclusions | 


Mendel reached these three important conclusions about heredity in plants: 
1) Charaotoristios in plants are determined by “hereditary unite". 
2) Hereditary units are passed on to offspring unchanged from both parents, one unit from each parent. 


8) Hereditary unite can be dominant or recessive — if an individual has both the dominant and 
the recessive unit for a characteristic, the dominant characteristic will be expressed. 


_It Took a While For People to Understand His Work 


1) Mendel's work was outting edge and new fo the scientists of the day. They didn't have the background 
knowledge to properly understand his findings — they had no idea about genes, DNA and chromosomes. 

2) It wasn't until after his death that people realised how significant his work was. 

8) Using Mendel's work as a starting point, the observations of many different scientists 
have contributed fo the understanding of genes that we have today. For exampl 

1) In the late 1800s, scientists became familiar with chromosomes. 

They were able to observe how they behaved during cell division. 

2) Then in the early 20th century, scientists realised that there were striking similarities in 
‘the way that chromosomes and Mendel's “units” acted. Based on this, it was proposed 
that the “units” were found on the chromosomes. We now know these “units” as genes. 

8) In 1953, the structure of DNA was determined (see page 85). 

This allowed scientists to go on and find out exactly how genes work. 


Clearly, being a monk in the 1800s was a right laugh... 
‘There was no TV in those days, you sce, so Mendel filled his time by growing lots and lots of pea plants. 
QI Suggest why the importance of Mendel’s work wasn't realised straight away. [1 mark] 
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Variation 


You'll probably have noticed that not all people are identical. There are reasons for this, 


Organisms of the Same Species Have Differences AES 
1) _ Different species look... well... different — my dog definitely doesn't look like a daisy. 


2) But even organicme of the same specien will usually look at least slightly different — 
in a room full of people you'll see different colour hait, individually chaped noses, ete, 
3) Those differences 1d the variation within a species, and there are two types 

of variation — genetic variation and environmental variation. 


Different Genes Cause Genetic Variation 


1) All plants and animals have charaoteristios that are in come ways similar to their parents’. 


2) This is because an organiom's charaotoristios are determined by the genea inherited from their parents. 
(Gones are the codes inside your oalls that control how you're made — more about these on page 84). 


8) These genes are passed on in sex cells (gamotes), from which the offspring develop (see page 87). 

4) Most animals (and quito a lot of plants) get some genes from the mother and gome from the father. 

5) This combining of genes from two parents causes gonetio variation — no two of the species are 
‘genetically idention! 


(other than identical twins). 
6) Some characteristics are determined only by g 
‘eye colour, blood group and inherited disorders ( 


Characteristics are also Influenced by the Environment | 


1) The environment, including the conditions that organisms live and grow in, also causes differences 

between members of the same species — this is called environmental variation. 

2) For example, a plant grown in plenty of eatialt would be luscious and green, but the same plant grown 
{in darkness would grow tall and spindly and have yellow leaves. These are environmental variations, 


18 (0.g. violet flower colour). In animale these include: 
. haemophilia or eystio fibrosis). 


3) Environmental variation covers a wide range oe differences — from losing your toes in a piranha 
attack, to getting @ suntan, to having yellow leaves (never happened to me yet though), and so on. 


Most Characteristics are Due to Genes AND the Environment — 


1) Most characteristics (e.g. body weight, height, skin colour, condition of teeth, academic or athletic 
prowess, etc.) are determined by a mixture of genetic and environmental factors. 

2) For example, the maximum height that an animal or plant could grow to is determined by its genes. 
But whether it actually grows that tall depends on ifs environment (e.g. how much food it gets). 


Mutations Introduce Variation Ea errant rity 


1) Mutations are changes to the sequence of bases in DNA. As you saw on page 86, mutations can 
lead to changes in the protein that a gene codes for. Most mutations have no effect on the protein 
the gene codes for, so most mutations have no effect on the organism's phenotype. Some have 
1 small influence on phenotype and so only alter characteristics slightly. However, although it's 
very rare, mutations can result in a new phenotype being seen in a species. 

2) IF the environment changes, and the new phenotype makes an individual more suited to the new 
environment, it can become common throughout the species relatively quickly by natural selection 
— see the next page. 


My mum’s got no trousers — cos I’ve got her jeans... 
So you can’t blame all of your faults on your parents — the environment usually plays a role too. 
QI Explain what is meant by environmental variation. [2 marks} 
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THEOR 


OF EV 
fe forms that first 


Only the Fittest Survive | ¢ f tA & 
Charles Darwin came up with a really important theory about evolution. 


He used the observations he made on a huge round-the-world trip, along with experiments, discussions 
evolution by natural gelection. 


‘and new knowledge of fossils and geology, to suggest the theory of 

1) Darwin know that organisms in a epecies show wide variation in their 
oharacteriatios (i knew that organiome 
have to compete for teniied resources in an ecosystem. 

2) Darwin concluded that the organisms with the most 
for the environment would be 


‘and would be 
more likely to survive. This idea is called the ' '. 
Charles Darwin, 8) The successful organisms that gurvive are more likely to reproduce and pass on 
the genes for the charaoteristion that made them susoeesfl fo thei offspring. 

4) Tho organiams that are leas well adapted would be less likely to survive and reproduce, 

‘80 thoy are loss likely to pase on their genes to the next generation. 
5) Over time, beneficial characteristios become more common in the population and the 

‘species changes — it evolves. 


New Discoveries Have Helped to Develop the Theory | 


1) Darwin's theory wasn't porfect. Because the relevant soientific knowledge wasn't available at the 
time, he couldn't give a good explanation for why new characteristics appeared or exactly how 
individual organioms pagned on beneficial adaptations to their offapring.. 

2) We now know that phenotype is controlled by genes, New phenotypic variations arise because of 
genetic variants produced by mutations (changes in DNA — see page 86). Benoficial variations 
‘re passed on to future generations in the genes that parents contribute to their offspring. 


The Development of a New Species is Called Speciation 


1) Over a long period of time, the phenotype of organiame can change wo mich booause °F)! 40.0% 
of natural selection that a completely new speoien is formed. Th called speciation. = on speciation = 

2) Speciation happens when populations of the same species change enough to become %,, °" 10? = 
reproduofively isolated — this means that they can't intorbreed to produce 


‘Extinction is When No Individuals of a Species Remain | 
The fossil record contains many species that don't exist any more — these species are said to be extinot. 


Species beoome extinct for these reasons: 
1) The environment changes too quickly (e.g. destruction of habitat). Dodos are now extinct. Humans 


2) A new predator kills ther all (e.g. humane hunting them). not only hunted them, but 

introduced other animals which ate 
9) A new disease kills them all, all ther eggs, and we destroyed the 
4) They can't compete with another (new) species for food. fect tee Gib hal = Wey 
5) A catastrophic event happens that kills them all didrit stand a chance 


(e.g. a volcanic eruption or a collision with an asteroid). 


“Natural selection” — sounds like vegan chocolates... 
Natural selection’s all about the organisms with the best characteristics surviving to pass on their genes. 
QI Give three factors that can lead to a species becoming extinct. [3 marks} 
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More About Evolution 


There's a lot of evidence for the theory of evolution by natural selection. 
But back in the day, poor Charlie Darwin didn’t have half as much evidence to convince people. 


Not Everyone Agreed with Darwin... 
When Darwin proposed his theory in his book "On the he Origin of Species” in 1859, 
his idea was very controversial for various reasone... 


1t went against common religious beliefs about how life on Earth Cae — it was the 
first plausible explanation for the existence of life on earth without the need for "Creator" (God). 


Darwin couldn't explain why thece new, useful characteristics appeared or how they were 
assed on from individual organisme to their offspring. But then he didn't know anything about 
‘denon OF mutations — they weren't dicoovared ‘fl 50 years after his theory was published. 


There wasn't enough evidence to convince many goientints, beonuse not 
many othor etudieg had beon done into how organiame change over tima. 


+and Lamarck had Different Ideas _ 


Thore wore different scientific hypotheses about evolution around at the same time, such as Lamarok's: 
1) Joun-Baptiate Lamarck (1744-1829) argued that changes that an organism acquires during 
its lifetime will be passed on to ite offapring — e.g. he thought that if a 


‘was used a lot by an organism, then it would become more developed during ite 
lifetime, and the organism's offupring would inherit the aoquired churneteristic. 


2) For example, using thie theory, if a rabbit ucod ite lege to run a lot (to escape prodators), then 
ite lege would get longer. The offspring of that rabbit would then be born with longer loge. 


Scientists Develop Different Hypotheses from Observations 


1) Often scientists come up with different hypotheses to explain similar observations. 
2) Scientists might develop different hypotheses because they have different heliofy 

. religious) or they have been influenced by different people (e.g. other 5 ma 
scientists and their way of thinking)... or they just darn well jhink differently. 5, hapatheses on page 1, = 


3) The only way to find out whose hypothesis is right io to find evidence to support 
or disprove each one, 


Lamarck and Darwin both had different hypotheses to explain how evolution happens. 


* Lamarck's hypothesis was eventually rejected because experiments didn't support 
his hypothesis. You can see it for yourself, e.g. if you dye a hamster's fur bright pink 
(not recommended), its offspring will still be born with the normal fur colour because @, 


the new characteristic won't have been passed on. 

* The discovery of genetics supported Darwin's idea because it provided an explanation of 
how organisms born with beneficial characteristics can via their genes). 
Other evidence was also found by looking at fossils of different ages (the = 
‘this allows you to see how changes in organisms developed slowly over time. The relatively 
recent discovery of how bacteria are able fo evolve to become resistant to antibiotics also 
further supports evolution by natural selection, 


5) There's so much evidence for Darwin's idea that it's now an accepted hypothesis (a theory). 


Here's to crazy new ideas... 
Science is fuelled by new ideas, Without them, we'd still think the world is flat and that mullets are cool. 
QI Explain why Darwin’s theory was considered controversial when it was first proposed. {3 marks} 
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Selective Breeding 


‘Boleotive breeding’ sounds like it has the potential to be a tricky topic, but it's actually dead simple. 
You take the best plants or animals and breed them together to get the best possible offspring. That's it. 


Selective Breeding is Very Simple _ 
Selective breeding it when humans orliicialy select the planta or animals that are 
going to breed so that the genes for particular characteristics remoin in the population. 
Organisms are volootively brad 40 develop features that are sell oF oltraotive, 
fe 2 
shee es a 
* Crops with dineune rosistanoe. 
Dogs with « ood, 
Decorative plants with 
This i the basio process involved in seleotive breeding: 
1) From your eluting stock, select the ones which have the oharwoterielion you're after, 
2) Girone! shown with each other, 
8) Select the hou! of the offepring, and breed them together. 
4) Continue this process over yoversl generations, and the desirable trait gets 
elronger and aironger. Eventually, all the offopring will have tho characteristic, 
{In agrioulture (farming), selective breeding oan be used to improve yields. E.g. to improve 
. 0 former could breed together the cows and bulla with the 
for producing mest, e.g. large size, After doing this for several generations the farmer 
would get cows with o very high ment yiald. 
5) Selective breeding is nothing new — people have been doing it for thouswncly of years. 


It's how we ended up with edible crope from wild plante and how we got domoantiontod 
sanisoal ike cows and dogs. 


The Main Drawback is a Reduction in the Gene Pool | 


1) The main problem with selective breeding is that it reduces the gene poo! — the number of different 
alleles (forms of @ gene) in a population. This is because the farmer keeps breeding from the "boot" 
animals or plants — which are all closely related. This is known as inbreeding. 

2) Inbreeding can cause hoolth probleme because there's more chanoe of the organisms inheriting 

when the gone poo! is limited. Some dog breeds are particularly susceptible to 
cerlain defects because of inbreeding — e.g. pugs often have breathing problems. 

3) There can also be serious problems if a new disease appears, because there's not much variation in the 
population. All the stock are closely related to each other, so if one of them is going to be killed by a 
new disease, the others are also likely to succumb to it. 


— {0h teri) 
Selective |_| the number of 
Breeding different alleles 
(forms of a gene) 


Iuse the same genes all the time too — they flatter my hips... 
Different breeds of dog came from selective breeding, For example, somebody thought ‘I really like this small, 
yappy wolf —I’ll breed it with this other one’. Afr thousands of generations, we yot poodles. 

QI Why might a plant nursery use selective breeding? [1 mark] 


2 What potential issues can selective breeding cause? [3 marks) 
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Genetic Engineering 


Genetic engineering is an interesting area of science with exciting possibilities, but there might be dangers too... 
Genetic Engineering Transfers Genes Between Organisms 


The basio idea of genetic engineering is fo transfer a gene responsible for a desirable characteristic from 

one organism's genome into another organism, go that it also has the desired characteristic. 

1) A.useful gene is isolated (cut) from one organiem’s genome using enzymes and i inserted into a vector. 

2) The vector is usually a virus oF a bacterial plasmid (n fancy piece of oiroular DNA found in bacterial colla), 
depending on the type of organism that the gene is being transferred to. 

8) When the vector is introduced fo the target organism, the useful gene ie inserted into ite cell(s). 

4) Scientists use thio method to do all corle of things. For example: 


1) Bacteria have been genetionlly modified to produce 
human insulin that can be used to treat diabetes. 

2) Genetically modified (OM) orope have had their genes modified, e.g. to 
improve the size and quality of their fruit, or make them resistant to 
diseane, ingeots and herbicides (chemicals used to kill weeds). 

8) Shoop have been genetically enginoored to produce substances, 
like drugs, in their milk that can be used to treat 

4) Ct researching genetic meek treatments for inherited diseases caused by faulty 

by le with the disease. This is called 

In some Dien tho tranafor of the geno is carried out whon the organiam reoeiving the gene is a 

of development (e.g. egg or embryo). This means that the organism develops with the 

Siosteia coded for by the gone. 


mK 


in 


Genetic Engineering is a Controversial Topic | 

1) Genetic engineering is an exciting area of science, which has the potential for solving many 
of our problems (e.g. treating diseases, more efficient food production eto.), but not everyone 
thinks it's a great idea, 

2) There are worrioe about the long-term effects of genetic engineering — that changing an organism's 
genes might accidentally create unplanned problems, which could get passed on to fulure generations. 


There Are Pros and Cons of GM Crops | 


1) Some people say that growing OM crops will affect the number of wild flowers (and so the 
population of insects) that live in and around the crops — reducing farmland biodiversity. 

2) Not everyone is convinced that GM orops are wale and come people are concerned that we 
might not fully understand the effects of eating them on human health. E.g. people are worried 
they may develop ullorgies to the food — although there's probably no more risk for this than for 
eating usual foods. 

3) Abe concen is that transplanted genes may get out into the natural environment. For example, 

the herbicide resistance gene may be picked up by weeds, creating a new ‘superweed' variety. 

the characteristics chosen for OM crops oan increase the yield, making more food. 

living in developing nations often lack nutrients in their diets. GM crops could 

be engineered to contain the nutrient that's missing. For example, ‘golden rice’ is a (arg 5 

OM rice crop that contains beta-carotene — lack of this substance causes blindness. 


6) GM crops are already being grown in some places, often without any problems. 


4) 
5) 


If only there was a gene to make revision easier... 
Make sure you've got everything on this page firmly in your noggin, You need to understand the lot. 
QI Outline one benefit and one concern about GM crops. [2 marks} 
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We can clone plants and animals in several different ways. Cool. But some of them have potential problems... 
"Plants Can Be Cloned by Tissue Culture and from Cuttings 


mi] This is where a few plant cells are put in a growth medium with hormones, and they grow into new 
plante — clones of the parent plant. These plants can be made very quickly, in very little apace, 

and be grown all year. Tissue culture is used by gcientists to preserve rare plants that are hard 

3] to reproduce naturally and by plant nurseries 40 produce lote of stock quickly. 


1) Gardeners can take oultings from 
‘good parent plante, and then plant 
‘them to produce 
copies (clones) of the parent plant. 

2) These plants can be produced quickly 
‘and cheaply. This is an older, simplar method than 4 


You Can Make Animal Clones Using Embryo Transplants | 


Farmers can produce oloned offspring from their best bull and cow — using embryo transplants. 
1) Sperm celle n from a prize bull and egg celle are taken from a prize cow. 
The porm are then used fo artificially fertilise an egg coll. The embryo that develops 
i then gplit many times (fo form clones) before any cella become specialised, 
2) These cloned embryos can then be implanted into lots of other cows where 
they grow into baby calves (which will all be genotioally identical to each other), 
8) Hundrods of "idea!" offspring can be produced every year from the best bull and cow. 


Adult Cell Cloning is Another Way to Make a Clone 


1) Adult cell cloning involves taking an unfertiised opp cell and removing its nucleus. The nuclous 
is then removed from an adult body call (e.g. skin oell) and is incerted into the ‘empty eg coll. 
2) The egg cell is then stimulated by an electric shock — this makes it divide, just like a normal embryo. 
8) When the embryo is a ball of cells, it's implanted into the womb of an adult female. It grows into a 
‘genetioally identical copy (clone) of the original adult body cell as it has the same genetic information. 
4) This technique was used to create Dolly — the famous cloned sheep. 


There are Many Issues Surrounding Cloning | 


1) Cloning quickly gets you lots of “ideal” offspring. But you also get 9 "reduced gene pool" — this means 
there are fewer nt alleles in a population. If a population are all closely related and a new disease 
appears, they could all be wiped out — there may be no allele in the population giving resistance to it. 

2) But the study of animal clones could lead to greater understanding of the 
development of the embryo, and of ageing and age-related disorders. 

8) Cloning could also be used to help preserve endangered species. 

4) However, it's possible that cloned animals might not be as healthy as normal ones, e.g. Dolly the sheep 
had arthritis, which tends fo occur in older sheep (but the jury's still out on if this was due to cloning). 

5) Some people worry that humans might be cloned in the future. If it was allowed, any 
success may follow many unsuccessful attempts, e.g. children born severely disabled. 


Thank goodness they didn’t do that with my little brother... 
Cloning can be controversial — especially when it’s to do with cloning animals (and especially humans). 
QI Describe how animals can be cloned by adult cell cloning. [5 marks} 
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Fossils 


Fasede ore grat. they're sil seeaarved, you oa ove whet oldy-verkiy creatures Jockad Men. 
They also show how living things have evolved. Although we're not sure how life started in the first place... 


Fossils are the Remains of Plants and Animals 


Fossils are the remaing of organisms from many thousands of years ago, which are found in rocks. 
They provide the evidence that organisms lived ages ago. Fossils can tell us a lot about how much or 
how little organisms have changed (evolved) over time, Fossils form in rocks in one of three ways: 


(Wo tne ape i wy) 
1) Things like teeth, shells, bones etc., which ay easily, can last a long time when buried. 
2) Heed re eventually replaced by minerals as they deca 
ing» rook-like eubstance shaped like the original hard part. 
3) = oecneeg sediments also turn to rook, but the fossil aso 


distinct inside the rook and eventually someone 


2) FROM CASTS AND. 
1) Sometimes, fossils are formed when an organism is buried in a goft material like clay. 
The olay later hardeng around it and the organism decays, leaving a gaat of itself, 
‘An animal's burrow or a plant's roots (rootlet traces) can be proserved aa casts. 
2) Things like footprinto can alco be pressed into these materials when eoft, leaving an 
impression when it hardens, 


3) FRO IN PLACES WHERE NO DECAY HAPPENS 
1) th ombor (0 clear yollow ‘atone’ made from fossilised renin) and for pits 
there's no oxygen oF moivlure 60 Joony microben can't survive, 
2) In elocives 1's too vold for the deony microbes to work. 


8) Best bows are too wvidic for 
(0 fuly preserved man they named ‘Pate March’ wan found in a bog.) 


_But No One Knows How Life Began | 


Fossils show how much or how litle different organisms have changed (evolved) as life has developed on 
Earth over millions of years. But where did the frat living thing come from... 
1) There are various hypotheses suggesting how life first came into being, but no one really knows. 
2) Maybe the first life forms came into existence in @ primordial swamp (or under the sea) here on Earth. 
Maybe simple organic molecules were brought to Earth on comets — these could have then become 
more complex organic molecules, and eventually very simple life forms. 
These hypotheses can't be supported or disproved because there's a lack of good, valid evidence: 
* Many early forms of life were soft-bodied, and soft tissue tends to 
decay away completely — so the fossil record is incomplete. 
+ Fossils that did form millions of years ago may have been 
destroyed by |. @.g. the movement of tectonic 
plates may have crushed fossils already formed in the rock. 


3) 


Don’t get bogged down by all this information... 


It’s. bit mind-boggling really how fossils can still exist even millions of years after the onanism died. 
They really are fascinating things, and scientists have learned a whole lot from studying them in detail 


QI Suggest what makes low-oxygen environments suitable for the formation of fossils. [2 marks] 
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Speciation 
Evolution (see page 96) leads to the development of lots of different species. This process is called speciation. 
Speciation is the Development of a New Species | 
1) A species is a group of similar organisms that can reproduce to give fertile offspring. ~_, 
i 


2) Speciation is the development of a new species. 
8) Speciation occurs when populations of the same species become so different 
‘that they can no longer successfully interbreed to produce fertile offspring. oe 


Isolation and ‘Natural I Selection Lead to Speciation | 


Isolation is where populations of a species are separated. This can happen due to a physical barrier. 
E.g. floode and earthquakes oan cauco barriors that geographically isolate vome individuals from the main 
population. Conditions on either side of the barrior will be glightly different, e.g. they may have 
different climates, Because the environment is different on each side, different characteristics will become 
more common in each population duo to naturol selection operating differently on the populations. 
1) Each population shows genetic varintion because they have a wide range of allelon. 
2) In each population, individuals with characteriatice that moko them better adapted to their 
environment have a better chanoe of survival and 0 are more likely to brood successfully. 
3) Ge he lala al soi) the boneficial charaoteristicn are more likely to be pasved on to 
the next generation. 


Eventually, individuals from the different populations will have changed Go much that they won't be able to 
huzad wih one anther opreduoe fre efeprng, he te groupe wl hve bavome 


Two populations of —=> Physical barriers => — Populations Development of 
‘the same species —_separate populations. ‘adapt to new a new species. 


‘© = individual organicm ‘environments. 


Wallace Was a Pioneer of the Theory of Speciation 


1) Alfred Russel Wallace was a scientist working at the same time as Charles Darwin. 
He was one of the early scientists working on the idea of speciation. His observations 
greatly contributed to how we understand speciation foday. Our current 
understanding developed ax more evidence became available over time. 
2) During his career, Wallace independently came up with the idea of natural selection and published 
This then prompted Darwin to publish 


“Thercs more = 
= on Dowe od 
smaiital 


8) Observations made by Wallace as he travelled the world provided lots of ovidence to support the 
theory of evolution by natural selection. For example, he realised that warning colours are used by 
‘some species (e.g. butterflies) to deter predators from eating them and that this was an example of a 
beneficial characteristic that had evolved by natural selection. 


4) W's thie work on warning colours and his work on speciation that he's most famous for. 


If only Darwin’s name had been Gromit... 
Well isn’t speciation riveting... Put some time into learning this page, then maybe grab a biscuit 
QI. Why might natural selection work differently on two isolated populations of a species? [3 marks} 
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Antibiotic-Resistant Bacteria 


The discovery of antibiotics, like penicillin, was a huge benefit to medicine — suddenly bacterial infeotions 
thet had often been faal could be cured." But unfortunately they might nol be «permanent solution. 


Bacteria can Evolve and Become Antibiotic-Resistant 


1) ke all organisms, bacteria sometimes develop random mutations (see p.86) in their DNA. 
These can lead to changes in the bacteria’s characteristics, e.g. being less affected 
by @ particular antibiotic. This can lead to gntibiotic-resistant straing forming as 
the gene for antibiotic resistance becomes more common in the population. S 
To make matters worse, because bacteria are co 
rapid at reproducing. they can evolve quite quickly. 
8) For the bacterium, the ability to resist antibiotics is a big advantage. 7 
W's bettor able fo survive, even in a hont who's being treated to got rid of 
the infection, and so it lives for longer and many more times. 
This increases the population size of the antibiotio-resistant strain, 
Antibiotic-resistant strains are a problem for people who become infected with these bacteria because 
they aren't immune to the new strain and there is no effective treatment. This means that the infection 
oosily oproads between people. Sometimes drug companies can come up with a now antibiotic that's 
‘effective, but ‘superbuga’ that are resistant to most known antibiotics are becoming more common, 
5) MR®A is a relatively common ‘superbug’ that’s really hard to get rid of. 
It often affects people in hospitals and oan be fatal if it enters their bloodstream. 


2) 


4) 


_Antibiotic Resistance is Becoming More Common 


1) For the lat few de we've been able to deal with bacterial infections pretty easily using 
antibiotics. The death rate from infectious bacterial diseases (0.g. pneumonia) has fallen dramatically. 

2) But the problem of antibiotic resistance is getting worse — partly because 
of the overuse and inappropriate use of antibiotics, e.g. doctors preseribing 
them for non-serious conditions oF infections caused by viruses. 

3) Tha more offen antiboti are used, the bigger the problem of antibioto resatane becomes, 
0 it's important that doctors only prescribe antibiotios when they really need to: 


It's not that antibiotics actually cauge resistance — they ct situation 
where naturally resistant bacteria have an advantage and so increase in numbers. 


{to also important that you take all the antibiotios « doctor prescribes for you: 


Taking the full course makes sure that all the bacteria are destroyed, which means 
that there are none left to mutate and develop into antibiotio-resiatant afrains. 


5) In farming, antibiotics can be given to animals to prevent them becoming ill and to make them 
‘grow faster. This can lead to the development of antibiotic-resistant bacteria in the animals which 
can then spread to humans, e.g. during meat preparation and consumption. Increasing concern 
about the overuse of antibiotics in agriculture has led to some countries 

6) The increase in antibiotic resistance hae encouraged drug companies fo work on developing naw 
antibiotics that are effective against the resistant strains. Unfortunately, the 
is slow, which means we're unlikely to be able to keep up with the demand for new drugs as more 
antibiotio-resistant strains develop and spread. It’s also a very costly process. 


4) 


Aaargh, a giant earwig! Run from the attack of the superbug... 

‘The reality of superbugs’ is even scarier than giant earwigs. Microorganisms that are resistant to all our drugs are 
Worrying thought. It'll be like going back in time to before antibioties were invented. 

QI Suggest a situation where amtibiotics could be prescribed inappropriately, [mark] 


Q2__Explain why it’s important that people take the full course of antibiotics they are prescribed. [2 marks] 
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Classification 


If seems to be a basic human urge to want to classify things — that's ihe vase in biology anyway... 


Classification is Organising Living Organisms into Groups | 
1) Traditionally, organisms have been classified according to a system first 


proposed in the 1700's by Carl Linnnous, which groups living things Kiam 
‘according to their characteristics and the structures that make them up. Phylum 
2) In this system (known as the Linnaeon system), living things 
re feet Ovided io Kiogdoma (eg. te plant kingdom). Shy oe 
2} The Kegs ae then ude io ala wna Fariy 
groupe — phylum, clase, ordor, family, genus, spaoies. te ivi 
Spocies il 


Classification Systems Change Over Time | 


1) Ae knowledge of the biochemical processes taking place inside organisme developed and 
improved (which allowed us to find out more about the internal structures of organisms), soientiste put 
forward new models of olassification. 
2) In 1990, Carl Woese proposed the {hree-domain uystem, Using evidence gathered from new chemical 
such as RNA sequence analysis, he found that in some cases, species thought to be 
clopoly related in traditional classification aystems are in fact not as closely related as first thought. 
8) In the three-domain system, organisms are first of all eplit into three large groups called domains: 
1) ARCHAEA — Organiaia in this domain are primitive bacteria. They're often found in 
‘extreme places auch as hot springs and salt lakes. 
2) BACTERIA — This domain contains true baotoria like E. ool! and Staphylococous. Mosh 
they often look similar to Archaea, there are lots of biochemical differences between th 
8) EUKARYOTA — This domain inoludes 4 broad range of organisms including fungi (page 20) 
plants, animale and protists (page 46). 


4) These are then gubdivided into smaller groups — kingdom, phylum, clase, ordar, family, genus, species. 


| Organisms Are Named According to the Binomial System 


1) In the binomial system, every organism is given its own two-part Latin name. 

2) The first part refers to the genus that the organism belongs to. ‘This gives you 
information on the organism's ancestry. The second part refers to the species. 
E.g. humans are known as Homo sapiens. ‘Homo! is the genus and ‘sapiens’ is the species. 

8) The binomial system is used worldwide and means that scientists in different countries or who speak 
different languages all refer to a particular species by the same name — avoiding potential confusion. 


| Evolutionary Trees Show Evolutionary Relationships | 


1) Evolutionary trees show how scientists think different speoies are related to each other. 
2) They show common ancestors and petaene between species. 

The more recent the common ancestor, the more closely related 

the two species — and the more characteristics they're likely to share. 
8) Scientists analyse lots of different types of data to work out evolutionary 
relationships. For living organisms, they use the current classification data Vhsle Dolphin Shark 
(e.g. DNA analysis and structural similarities). For extinct species, 
they use information from the fossil record (see page 96). 


Binomial system — uh oh, sounds like maths... 
‘Sometimes, the genus in a binomial name is abbreviated to a capital letter with a full stop after it 
QI What genus does the Eurasian beaver, Castor fiber, belong to? [1 mark} 
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‘Revision Questions for Topic 6 


80 you've finished Topic 6 — Hoorah. Now here's a page full of questions to test your knowledge. Get in. 
* Try these questions and fick off each one when you get it right. 

* When you've done all the questions under a heading and are completely happy with it, tick it off. 
DNA, Genes and Mutations (p.84-86) 
1) What do genes code for? 

2) List the parts of a DNA nucleotide, 

8) How many bates in a DNA sequence code for one amino acid’? 

4) Give a function of the non-voding parts of DNA. 

5) Explain how mutations can lead to a change in the protein coded for by a gene. 

6) True oF False: "Most mutations havo little or no affect on the protein coded for by a gone". 
Reproduction and Meiosis (p.87-89) [_] 

7) Name the male and female gametes of animals, 

8) Which type of reproduction produces genetically identical colle’? 

9) State the type of cell division used to make gametes in humans, 

10) How does variation in a population increase its chance of surviving environmental change? 
MI) Describe the methods of sexual and asexual reproduction used by strawberry plants. 


Qo 


12) What is the probability that offspring will have the XX combination of sex chromosomes? 
18) How many genes are responsible for controlling fur colour in mice? 
14) What are alleles’? 
15) What does it mean if someone is heterozygous for a gone? 
16) What is the chance of a child being born with polydactyly if one 
parent has a single dominant allele for the gene that controle it? 
17) Give two arguments for and two arguments against screening embryos for genetic disord 


97) (] 


18) What do we now know Mendel's “unite” ax? 
19) What is variation? 

20) Explain how beneficial characteristics can become more common in a population over time. 
21) What was Jean-Baptiste Lamarok's theory about evolution’? 

Selective Breeding, Genetic Engineering and Cloning (p.98-100) 
22) What is selective breeding? 

23) How might farmers use selective breeding? 

24) What is genetic engineering? 

25) How can embryo transplants be used to create animal clones’? 


Fossils, Speciati 4 Antibiotic-Resistant Bacteria (p.101-103 
26) Give two ways that fossils can be formed. 
27) What is speciation and when can it occur? 
28) What leads to the formation of antibiotic- 


Classification (p.104) 
29) Name the groups that organisms are classified into in the Linnaean system. 
30) Who proposed the ‘three-domain system’ of classification in 19907 
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sompet ition 
Ecology is all about organisms and the environment they live in, and how the two interact. Simples. 


| First Learn Some Words to Help You Understand E Ecology. 
Thic topic will make a lot more sense if you become familiar with these terms first: 

1) Habitat — the place where an organism lives. 

2) Population — all the organisms of one species living in a habitat. 

3) Community — the populations of different species living in a habitat. 

4) Abiotic factors — non-living factors of the environment, e.g. temperature. 

5) Biotic factors — living factors of the environment, e.g. food. 

6) Ecosystem — the interaction of a community of living organisms 

(biotic) with the non-living (abiotic) parts of thelr environment, 


Organisms Compete for Resources to Survive 


Organics need things from their environment and from other organigis in order to gurvive and reproduoe: 
1) Plants need light and space, ae well as water and mineral ions (nutrients) from the soil. 
2) Animale need space (territory), food, water and maton. 

Organisms compete with other species (and members of their own species) for the game resources. 


Any Change in Any Environment can Have Knock-on Effects — 


In @ community, each heme depends Ga Gil ‘species for 
things such ac food, shelter, pollination 

— this is called 

The interdependence of al the hing things in an ecoaystem 
means that any major change in the ecosystem (such ax 
one species being removed) can have far-reaching effects. 
The diagram on the right shows part of a food web 

(a diagram of what eats what) from a gtrearn. 

Stonefly larvae are particularly sensitive to pollution. 
Suppose pollution killed them in this etream. The table 
below shows some of the effects this might have on some 
of the other organisms in the food web. >) 


Effect of loss of stonefly larvae 
Less competition for algae 


‘Less food (if water epider or mayfly larvae numbers decrease) 
all the species and environmental factors are in balance so that the 


‘ere roughly constant (they may 0p and down in cycles — see p.109). These are 
called stable communities. Stable commu ide tropical rainforests and ancient oak woodlands. 


Decrease 


I’m dependent on the cocoa tree... 
If my source of chocolate was removed, it would have far-reaching effects on my revision and exam grades. 
Seriously though, make sure you know what organisms need and compete for in an ecosystem. Then try these. 


QI What is an ecosystem? [1 mark] 
2 Give three things plas compete for in an ecosystem, [3 marks} 
Q3— What is meant by a ‘stable community"? [1 mark] 
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_Bbiotic and Biotic Factors | 


The environment in which organisms live changes all the time. The things that change are either 
abiotic (non-living) or biotic (living) factors. These can have a big effect on @ communi 


Abiotic Factors Can Vary in an Ecosystem... | 
Abiotic factors are non-living factors. For example: 


1) Moisture level 5) Wind intensity and direction 
2) Light intensity 6) Oxygen level (for aquatic animals) 
8) Tempersture 7) Soil pH and mineral content 


ize in @ community. 
also affect the population eizee of other organisms that dopend on them (see previous page). 


intensity, temperature or level of 


For example, a dacreage in the 
‘carbon diexdde could deoreage the | | mineral.content 


of the ooil (0.g, 0 
lok of nitrates) ould onuse nutrient 


tate of photoeynthesie 
SGT is iva plant | deficinacins (v0 p.65). This could 
and oa 


.and So Can Biotic Factors 


Biotic factors are living factors. Her 
1) Mew predators arriving 
2) Comperition — one species may outoompete 4) Avoilobility of food 
‘nother so that numbers are too low to breed 
‘A change in the environment could be the introduction of a new biotic factor, e.g. a new predator or 


pathogen. These changes oan also affect the size of populations in a gommunity, which can have 
knock-on effeots because of interdependence (see previous page). 


For example, a new predator could | | The following graph chows the effect of a nov palhowen 
cause a decrease in the Apecies A. The population size of species A was inoressing 
population. There's more about up until 1985, when it 
predator-prey populations on p.109. | | decrease! rapidly until 


1990 — suggesting 
For example, red and grey squirrels | | that 1906 was the g 
live in the same habitat and eat year that the new 3 
the same a Grey squirrels pathogen arrived. = = 
outcompete the red The population started 
Sra fo teagan atier a0, "22 1970. 1980 1930 2000 2010 


Exams — a type of abiotic factor affecting my environment... 
So, two lists of factors that would be a good idea to learn. I reckon this is a prime time for shutting the book, 
scribbling them all down and then checking how you did, Also, have a gander at that squirrel example. 
QI Give four examples of abiotic factors that could affect a plant species. [4 marks] 
Qz Cutthroat trout are present in lakes in Yellowstone National Park. In the last few decades, lake trout 
have been introduced to the lakes. However, lake trout have emerged as predators of the cutthroat trout. 
Give two other biotic factors that could affect the size of the cutthroat trout population. {2 marks} 
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Adaptations 
Life exists in so many different environments because the organisms that live in them have adapted to them. 


Adaptations Allow Organisms to Survive | 


Organisms, including microorganisms, are adapted to live in different environmental conditions. 
‘The features or characteristics that allow them to do this are called adaptations. Adaptations can be: 


1) Structural 
These are features of an organism's body structure — such as shape or colour. For exampl 


Arctic animals like the ‘Animals that live in gold places | | Animals that live in ho! places 
Arctic fox have (like whales) have a thiok layer 
of blubber (fat) and a low 


2) Behavioural | 


Meas are ways that organisms behave. Many species (¢.g. swallows) migrate 
to warmer climates during the winter to avoid the problems of living in cold conditions. 


_ 3) Functional 


Those are things that go on inside an organism's body that oan be related to process lke 
teproduotion and getabolicm (all the chernical reaotions happening in the body). For example: 


Desert animals conserve Brown bears hibernate over winter. 
vwnter by producing very ile | They lower thir metaboim which b 
sweat and small amounts of | | conserves energy, 80 they don't have 

a to hunt when there's not much food about. 


| Microorganisms Have a Huge Variety of Adaptations. 
«80 that they can live in a wide range of environment 


Some microorganisms (e.g. bacteria) are known as extremophiles — they're adapted 
to live in very extreme conditions. For example, some can live at high temperatures 
{¢.g. in super hot volcanic vents), and others can live in places with a high calt 
concentration (e.g. very salty lakes) or at high pressure (e.g. deep sea vents). 


Ina nutshell, it’s horses for courses... 


In the exam, you might have to say how an organism is adapted to its environment. Look at its characteristics 
(c.g. colour’shape) as well as the conditions it has to cope with (e.g, predatiow/temperature) and you'll be sorted. 
QI The diagram on the right shows a penguin, Penguins live in the cold, icy 
environment of the Antarctic, They swim in the sea to hunt for fish to eat. 
‘Some penguins also huddle together in large groups to keep warm. 
a) What type of a bed 
[1 mark] 


a penguin has to its environment, (2 marks} 
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Food Chains 


Hf you like food, and you like chains, then food chaing might just blow your mind. Strap yourself in 
and prepare for some ‘edge of your seat' learning, because the show is about to begin... 


Food Chains Show What's Eaten by What in an Ecosystem _ 
1) Food chaing always start with a producer. 
Producers make (produce) their own food using energy from the Sun. 
2) Producers are usually green plants oF algae — they make glucose by photosynthesis (see page 57). 
8) When a green plant produces glucose, come of it is used to make other biologioal molecules in the plant. 
4) Those biological molecules are the plant's biomass — the mags of living material. 
5) Biomass can be thought of as energy stored in a plant. 
6) Enorgy is traneferred through living organisms in an ecosystem when organiams gat other organisms. 
7) Producers are eaten by primary consumers. Primary consumers 


are then eaten by secondary consumers and secondary consumers: 
are vaten by tertiary consumers, Here's an example of a food chain: 


Primaty consumers 


5000 dandetions... feed... 100 rabbits... which feed... | fox. 


2) If the population of the pray increases, then co will the population of the predators. 
8) However as the population of predators incranues, the number of prey will locransa. —__ gg 


E.g- More grasy meant more rabbits. 

More rabbits means more foxes. 

But mote foxes means fewer rabbits. 

Eventually fewer rabbits will mean fewer foxes again. 
This up and down pattern continues... 


4) Predator-prey cycles are always out of phase with each other. This is because it fakes a while for one 
population 40 respond to changes in the other population. E.g. when the number of rabbits goes up, the 
number of foxes doesn't increase immediately because it takes time for them to reproduce. 


When the TV volume goes up... my revision goes down... 


‘You might that the start of a food chain always has to be a plant. In most cases it is, but sometimes: 
onganisms like algae can be too because they photosynthesise. No wonder those algae I saw were looking smug. 
QI Look at the following food chain for a particular area: grass + grasshopper — rat + snake 
a) Name the producer in the food chain. [1 mark] 
'b) How many consumers are there in the food chain? {1 mark] 
©) Name the primary consumer in the food chain. [1 mark] 


4) Allthe rats in the area are killed. Explain two effects that this could have on the food chain. [4 marks] 
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Using Quadrats: 


This is where the fun starts, Studying ecology gives you the chance to rummage around in bushes, 
‘get your hands dirty and look at some real organisms, living in the wild. Hold on to your hats folks... 


_ Organisms Live in Different Places Because The Environment Varies 


1) As you know from page 106, a habitat is the place where an organism lives, o.g. a playing fiald. 
2) The distribution of an organism is where an organism is found, e.g. in a part of the playing field. 
8) Where an organiom is found is affeoted by environmental factors (see page 107). An organism might 
be in one aren than another due to differences in environmental factors between the two 
For example, in the playing field, 
under trees, bocause there's more light 
4) There are a couple of ways to gtudy the distribution of an organism. You ean: 
* measure how common an organism is in two sample areas using quadrats) and compare them. 
* study how the distribution changes across an a .g: by placing quadrats along o transect (p.1N). 
Both of these mothods give quantitative data (numbers) about the distribution, 


| Use Quadrats to Study The Distribution of Small Organisms 
A quadrat is 9 square frame enclosing a known area, 0.g. 1 m?. To compare how common an organiam 
i in two sample areas (e.g. shady and sunny spots in that playing field) just follow these simple steps: 


1) Place a 1m? quadeat on the ground at a random point within the first sample aren. A quadat 
E.g, divide the area into a grid and use 0 random number generator to pick coordinates. 4 


2) Count all the organisms within the quadrat, 
8) Repeat stops I and 2 as many times as you can, 4% 
4) Work out the mean number of organisms per quadrat within the first sample area, —!»—= 


‘Anna counted the number of daisies in 7 quadrats within her first sample area 
and recorded the following results: 18, 20, 22, 23, 23, 23, 25 


Here the MEAN i: Se number: of - a = 22 daisies per quadrat 


5) Ropeat stops 1 to 4 in the second sample 
6) Finally compare the two means. E.g. you might find 2 daisies per m® 
in the shade, and 22 daisies per m? (lots more) in the open field, 


You Can Also Work Out the Population Size of an Organism in One Area © 


Pexamres] Si dO nei aay ai da wor field. = 
‘The students found a mean of 10.5 daisies per quadrat. The field had 


area of 800 m®. Estimate the population of daisies on the field. 
1) Work out the mean number of organisms perm’. 1+0.5=2 
2% 105 = 21 daisies perm? 
2). Then muitiply the mean by the total area (in m!) 800 « 21=16 800 
of the habitat. daisies on the open field 


Drat, drat, and double drat — my favourite use of quadrats... 
It’s key that you make sure you put your quadrat down in a random place before you start counting, 
QI A field was randomly sampled for buttercups using 0.25 m? quadrats. ‘The field had an area of 1200 a. 
A mean of 0.75 buttercups were found per quadrat, Estimate the total population of buttereups. [2 marks} 
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80, now you think you've learnt all about distribution. Well hold on — there's more eoology fun to be had. 


Use Transects to Study The Distribution of Organisms Along a Line | 
You can use lines called iransects to help find out how organisms (like plants) are distributed across an area 
— e.g. if an organism becomes more or lege common as you move from a hedge towards the middle of a 
field. Here's what to do: q 


1) Mark out a line in the 
‘area you want fo study 
using o tape meauure. 

2) Then collect data along 
the line. 

8) You can do this by = 
Juot counting all the Bivvy : 
Teginema yoste tart an bad 
interested in that mar, na Kal,” 2 
touoh the line. btn 

4) Or, you can colleot data by using quadrats (vee previous page). These can be 
pluced cx! to each othor along the line or at intarvals, for example, every 2 m. 


You Can Estimate the Percentage Cover of a Quadrat_ 


IF difficult to count all the individual organisms in the quadrat (e.g. if they're grass) you can caloulate the 
percentage cover. This means estimating the percentage area of the quadrat covered by a particular type of 
‘organism, e.g. by counting the number of litle squares covered by the organisms. 


Some students were measuring the distribution of organisms from one corner of a 
schoo! playing field to another, using quadrats placed at regular intervals along a 
transect. Below is a picture of one of the quadrats. Calculate the percentage cover 
of each organism, A and B. 


[Ep oramem 1) Count the number of squares Type A= 42 squares 
meas) covered by organism A. 
2) Make this into a percentage — divide the (42/100) « 100 
Co temien number of squares covered by the organism = O42 «100 = 42% 
‘we by the total numberof squares in the quadrat 
(100), then multiply the result by 100. 


3)_Do the same for organism B ‘Type B= 47 squares 
You count a square f it's more (47N00) «100 
‘than half covered. = O47 «100 = 47% 


Aslug that’s been run over — definitely a widely-spread organism 


So if you want to measure the distribution of a organism across an area, you could use a transect. You can 
either use them alone or along with quadrats. Now who's for a game of tennis... I've got my transect up. 


QI Whatisa transect? [1 mark] 
Q2 Some students want to measure how the distribution of dandelions changes across a field, 

from one comer to another, Describe a method they could use to do this. [2 marks] 
3 How could you estimate the number of organisms in a quadrat, if they are difficult to count? [1 mark] 
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Environmental Change & The Water Cycle 


Now you know how to messure the distribution of organiims (see pages 10-11), it's time fo learn why their 
distribution may chonge over time. Then it's on to something completely different — the waler oyole. 


Environmental Changes Affect The Distribution of Organisms | 


can cause the to change. A change in distribution means a 


Environmental changes distribution of organisms 
change in where an organism lives. Environmental changes that can affect organisms in this way include: 
1) Acchange in the AVAILABILITY of WATER. For example: 


The distribution of some animal and plant species in the tropics changes between the 
wet and the dry seasons — i.e. the times of year where there is more or less rainfall, 


= ‘80 more or less water available. E.g. each year in Africa, large pears of giant 
t 2 ok no jhe 


2) A change in the TEMPERATURE. For example: 


‘The distribution of bird species in Germany is changing because of 
a rise in average temperature. E.g. the European bee-eater bird is 

4 Mediterranean species but it's now present in parts of Germany. 
8) A change in the composition of ATMOSPHERIC GASES. For examp! 
The distribution of some species changes in areas where there is more air pollution. E.g. some species 
of lichen can't grow in areas whore gulfur dioxide is given out by certain induntrial processes, 

Theve environmental changee can be caused by peosonal factore, geographic factore or human interaotion. 
above) is due to global warming, which has been 


caused by human activity (see poges 116-117). 


The Water Cycle Means Water is Endlessly Recycled 


The water here on planet Earth is constantly recycled. 

Strange but true... 

1) Energy from the Sun makes water evaporate 
from the land and sea, turning if into water 
vapour. Water also nos from plants 5 > Precipitati 
— this is known as {ranspiration (see p.43). condensation 

2) The warm water vapour is oarried upwards (as 1 
warm sir rises). When it gets higher up it 
go0le and condenses to form clouds. 

8) Water falls from the clouds as i 
(usually rain, but sometimes snow or hail) 
onto land, where it provides fresh water for 
plants and animals. 

4) If then drains into the sea, before the whole 
process starts a 


Come on out, it’s only a little water cycle, it won’t hurt you... 
Because organisms rely on the biotic and abiotic factors affecting the environment (see page 107) it’s no wonder 
that when the factors change, it affects where organisms live, Some of the non-living (abiotic) factors that affect 
us are in a constant cycle — read about the water cycle here and then the carbon cycle on the next page. 


QI Give two environmental changes that can affect the distribution of living organisms. 2 marks] 
Q2 a) Inthe water eycle, how does water move from the land into the air? (1 mark} 
b) How does the water cycle benefit plants and animals? [1 mark] 
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The Carbon Cycle | 


Reoyoling may be a buzz word for us but it's old school for nature. All the nutrients in our environment are 
constantly being recycled — there's a nice balance between what goes in and what goes out again. 


Elements are Cycled Back to the Start of the Food Chain by Decay | 


) Living things are made of materials they take from the world around them. E.g. plants turn elements 
like carbon, oxugen, hydrogen and nitrogen from the soil and the air into the 
(caibehgraten pre proteins and fats) that make up living organisms. These get passed up the food chain. 


2) These materials are returned to the environment in waste products, or when the organisms die and decay. 


38) Materials decay because they're broken down (digested) by microorganisms. This happens faster in warm, 
moist, aerobic (oxygen rich) conditions because microorganisms are more active in these conditions. 


4) Decay puts the stuff that plants need to grow (e.g. mineral ions — see point 1) back into the goil. 


5) Ina stable community, the hat are taken out of the soil and used by plants eto. are balanced 
by those that are put back in. There's a constant cyole happening. 


The Constant Cycling of Carbon is called the Carbon Cycle 


CO, In the air 


Burning 


Producte made 
{rom plante and, 


Feral ues are made 
of decayed plant and 
arial matter, 


That can look a bit complicated at first, but it's actually pretty simple: 
1) CO, is removed from the atmosphere by green plants and algae during photosynthesis. 
The carbon is used to make glucose, which can be turned into carbohydrates, fats 

and proteins that make up the bodies of the plants and algae, 
2) When the plants and algae respire, some carbon is returned to the atmosphere as CO,. 
3) When the plants and algae are eaten by animals, some carbon becomes part 

of the fats and proteing in their bodies. The carbon then moves through the food chain. 
4) When the animals respire, some carbon is returned to the atmosphere as CO,. 
5) When plants, algae and animals die, other animals (called deteitus feeder) and 

feed on their remains. When these organisms respire, CO, is retumed to the atmosphere. 
6). tka cleo prockaos ute that ie broken down by deft fesders and ilorocrsendamé: 
7) The combustion (burning) of wood and fossil fuels also releases CO, back into the air. 


8) So the curbon (and energy) is constantly being cycled — from the air, through food chains (via plants, 
algae and animals, and detritus feeders and microorganisms) and eventually back out into the air again. 


What goes around comes around... 
Carbon is very important for living things — its the basis forall the organic molecules in our bodies 
QI What causes materials to decay? [mark] 


Q2_Deseribe how carbon is removed from the atmosphere in the carbon cycle. {1 mark] 
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Decay ‘| 


Microorganisms break down plant and animal material and waste 4o get energy. Not my idea of a good meal, 
but fo them it's positively gourmet. This process of decay can be really useful fo us — read on... 


Decomposition Can Produce Compost | 


Compost is decomposed organic matter (e.g. food waste) that is used as a natural fertiliser For orops and 
garden plants. Farmers and gardeners try to provide the ideo! conditions for quick decay to make compost. 


_The Rate of Decay is Affected by Several Factors | 


Microorganisms such as bacteria and fungi, 08 well as detritus feeders (p.113) are the critters responsible 
for decomposition (decay). You'd think that organicme that feed on dead stuff wouldn't be that picky, 
but they're » bit like Goldilocks — everything has to be just right for them to work at their best. 

1) TEMPERATURE — Warmer temperatures make things decompose quicker because they increase 
‘the rate that the enzyme (see p.28) involved in decomposition work at. If it's too hat though, 
decomposition glows down or glope because the enzymes are destroyed and the organisms die. 
Really cold temperatures slow the rate of decomposition too. 

2) OXYGEN AVAILABILITY — Many organisms need oxygon to rospire, which they need to do to 
survive. The microorganisms involved in anasrobic decay (see below) don't need oxygen though. 

3) WATER AVAILABILITY — Decay takes place faster in moist environments because 
‘the organisms involved in deoay need water to carry out biological processes. 

4) NUMBER OF DECAY ORGANISMS — The more microorganisms 
and detritus feeders there are, the faster decomposition happens. 


Biogas is Made by Anaerobic Decay of Waste Material 
» 


2) Lote of different microorganiains aro used to produce biogas. They decay plant and animal waste 
anaerobically (without oxygen). This type of decay produces methane gas. Sludge waste from, 
for example, sewage works oF cugar factories, is used to make biogas on a large scale, 


3) Biogas is made in a simple fermenter called a digester or generator. 
4) Biogas generators nad fo be kept at @ constant temperature to keep the microorganisms respiring away. 


5) Biogas con't be stored os a liquid (it needs too high o pressure), 0 it has to be used straight away — 
for beating, cooking, lighting, or to power a turbine to generate eleotrioity. 


"Not All Bi Biogas C Generators Are the Same _ 


There are two main types of biogas generator — batch generators and continuous generators. 


make biogas in small batches. Continuous generators make biogas all the time. 
They're manually loaded up with waste, which Waste is continuously fed in, and biogas is 


is left to digest, and the by-products are produced at a steady rate. Continuous generators 
cleared away at the end of each session. ‘are more nile to large-coale biogas projects. 
The diagram on the right shows a simple biogas generator. yan tei! Biogas ovtlot 
Whether it's a continuous or batch generator, it needs ee pee 
to have the following: NS 
1) an inlet for waste material to be put in, LJ ‘Outlet for 
2) an outlet for the digested material to be removed through, gnsted raateial 


3) an outlet co that the biogas oan be piped fo where it is needed. Ai cee ne ttinen) 


What a rotten subject... 
Wow... So we can use poo (and other waste) to make a fuel. It's pretty gross, but I reckon it could come in handy. 
QI Other than temperature, give three factors that affect the rate of decay. [3 marks} 
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W's time for a praotical. | hope you're not looking forward to o milky brew, because this might just put you off. 


You Can Investigate the Effect of Temperature on the Rate of Decay | 


‘You can investigate decay by observing the action of the enzyme lipase on a sample of milk that has been 
made alkaline. When the lipase breaks the milk down, the pH of the milk decreases. 


This practical looks at how temperature affects the rate of decay. In it, an indicator dye called 
ig used — it has a pink colour when the pH is around 10, but becomes colourless when 
the pH falls below 8.3. Here's what you need to do: 


1) Measure out 5 cm" of lipase = ; 
phere pipa OR cman ofinder 
Labo! this tube with an *L' for lipas ps i 

2) Measure out 5 on" of mill and 
add it to a different tent tube. 

8), Add & drope of phenolphthaein tat bet 
portray to the tube containing milk. 

4) Then measure out 7 cm’ of sodium carbonate 
solulion and add it fo the tube containing cil 
and phenolphthalein. Thie makes the solution 
in the tube alkaline, 60 it should turn pink. 

5) Put both tubes into @ water bath set to 0 °C 
‘and leave them to reach the temperature 
of the water bath, You could stick a 

into the milk tubo 40 check this, 


6) Once the tubes have reached GO °C, use a ‘é 

i PES etme 

Baie with a soale) to put | om’ of a fs. 
the lipace colution into the milk tube and 

start a stopwateh straight away, 

7) Stir the contents of the tube with a glass rod. — 


‘Tho enzyme will start to decompose the milk. 
8) As soon as the solution loses its pink 


lipase solution 


phenalphthaln 


twanafer lipase 
with a pipette 


9) Repeat the experiment at « range of different 
Yomperaturos (e.g. 10 °C, 20 °C, 40 °C, 50 °C). 
Make sure you carry out the experiment 
three times at 1 then caloulate the 
‘mean fime taken for the colour change to occur at 
each temperature. (Ya ca mabe a waterbath capable of 
temperatures blow room temperature by adding ce cubes toa beaker 
of water and measuring the temperate tha Uermometer) 

10) You can use your results to csloulate the 

using this formula. The units a 
will be s" since rate is given per unit of time. 


colour change from 
ink to white 


belt on page 29: 


You could also investigate decomposition in your gym bag... 
1 found that leaving my wet PE kit in my gym bag sure made for some interesting moulds... and smells. 
QI Ted was investigating decay using the above method. It took 280 seconds for the solution to 
Jose its pink colour. Calculate the rate of decay. Give your answer in s-'. [1 mark] 
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Biodiversity and Waste Management 


Unfortunately, human activity can negatively affect the planet and its variety of life. Read on for bad news... 
Earth’s Biodiversity is Important 


1) High biodiversity is important. If makes sure that ecosystems (see p.106) are stable becouse 
different species depend on each other for things like shelier and food. Different species can 
also help to maintain the right physical environment for each other (e.g. the acidity of the soil). 

2) For the human species fo survive, it's important that a good level of biodiversity is maintained. 

8) Lots of human actions, inoluding waste produotion (vee below) and deforestation (see p.118), 
‘ox well ag global warming (see next page) are reducing biodiversity. However, it's only recently 
that we've started faking measures to glop this from continuing, 


There are Over Seven Billion People in the World... 


1) The population of the world is currently rising very quickly, and it's 
not slowing down — look at the graph... 


i 
2) This is mostly due to modern medicine and farming methods, which { 


have reduced the number of people dying from disease and hunger. 
8) This is great for all of us hurnans, but it means we're having a 
bigger effect on the environment we live in, 


-.With Increasing Demands on the Environment | * 


When the Earths population was much amaller, the effects of human aotivity were usually 
mall and local. Nowadays though, our actions oan have a far more widespread effect. 
1) Our increasing population puta presuure on the environment, 
‘06 we take the resources we need to survive. 
2) But people around the world are also demanding a higher standard of living (and so demand luxuries to 
make life more comfortable — cars, computers, etc.). So we use more (e.g. oil to make 
plastics), but we also use more energy for the manufacturing processes. This all means we're taking 
more and more resources from the environment more and more quickly. 
Unfortunately, many raw materiale are being used up quicker than they're being replaced. 
So if we carry on like we are, one day we're going to run out. 


We're Also Producing More Waste | 


As we make more and more things we produce more and more waste, including waste chomicals. 
And unless this waste is properly handled, more harmful pollution will be caused. Pollution affects 
water, land and gir and kills plants and animals, reducing biodiversity. 


‘Sewage and toxic chemioals from industry ean pollute lakes, rivers and oceans, affecting 
the plants and animals that rely on them for survival (inoluding humans). And the chemioals 
used on land (e.g. fertilisers, pesticides and herbicides) can be washed into water. 


3] We use toxic chemicals for farming (e.g. pesticides and herbicides). We also bury 


3) 


nuelear waste underground, and we dump a lot of household waste in landfill sites. 


Smoke and acidic gases released into the atmosphere can 
pollute the ai sulfur dioxide can cause acid rain. 


More people, more mess, less space, fewer resources... 
Biodiversity’s a useful thing, but the increasing rate of species extinction means that it’s being reduced every day, 
QI What is meant by the term ‘biodiversity’? {1 mark] 
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Global Warming 


The Earth is getting warmer. Climate coienticts are now trying to work out what the effects 
of global warming might be — sadly, it's not as simple as everyone having nicer summers. 


Carbon Dioxide and Methane Trap Energy from the Sun | 


1) The temperature of the Eurth in a balance between the energy it 
gets from the Sun and the energy it radiates back out into space. 

2) Gases in the simosphere naturally act like an insulating layer. <= - = 
They absorb most of the energy that would normally be radiated out “/11)) 1) )\ 0 src rita 
ino space, and re-radiate it in all directions (including back towards the Earth). 

This increases the temperature of the planet. 

3) If this didn't happen, then at night there'd be nothing to keep any energy in, and we'd quickly get 
very gold indeed. But recently we've atarted to worry that this effect is getting a bit out of hand... 

4) Thore are soveral different gacos in tho atmosphere wich help keep the snargy in. They're called 

and the main ones whose levela we worry about are carbon dioxide (CO,) and 
tnothane — because the levels of thene two gases aro rising quite sharply. 

5) Tho Earth is gradunlly heating up because of the increasing levels of greenhouse gases — 
thia is global warming. Global warming is a type of olimate change and causes other types 
of olimate change, e.g. changing, 


The Consequences of Global Warming Could be Pretty Serious 
There are several reasons fo be worried about global warming. Here are a few: 
|) Higher temperatures cause seawater to expand and joe to melt, causing the sea level to rise. It has 
risen a little bit over the last 100 years. If it keeps rising it'll be bad news for people and anim: 
in low-lying places. It will lead to flooding, resulting in the loss of habitats (where organisms live). 
2) The distribution of many wild animal and plant species may change as temperatures increase and the 
amount of rainfall changes in different areas. Some species may become more widely distributed, 
e.g. species that need warmer temperatures may spread further as the conditions they thrive in exist 
over a wider area, Other species may become less widely distribut 16 that need 
cooler temperatures may have smaller ranges as the conditions they thrive 
There could be changes in migration patterns, e.g. some birds may 2 
migrate further north, as more northern areas are getting warmer. 
4) Biodiversity (see p.116) could be reduved if some species are 
unable to gurvive @ change in the climate, so become extinct. 


3} 


The greenhouse effect — when you start growing into a tomato... 


Global warming is rarely out of the news, Most scientists accept that it's happening and that human activity 
has caused most of the recent warming, However, they don’t know exactly what the ¢ 


Q1__Explain how global warming could lead to the loss of low-lying habitats, [3 marks] 
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Deforestation and Land Use 


‘Trees and peat bogs trap carbon dioxide and lock it up. The problems start when it escapes... 
Humans Use Lots of Land for Lots of Purposes | 


1) We use land for things like building, quarrying, farming and dumping waste. 
2) This means that there's \ow® lone! available for other oruninn. 
3) Sometimes, the way we use land hi on the environment — for example, 


bad effect 
if it requires cloforestation oF the dooiruotion of habitats like peat bogs and other vrow of pon!. 


Deforestation Means Chopping Down Trees | 
Deforestation is the outting down of forests. This causes big problems when it's done on a large-soale, 
‘such as cutting down rainforests in tropical areas. I1' done for various reasons, including: 
* To clear land for farming (e.g. cattle oF rioe crope) to provide more food. Sie, 
+ To grow orope from which biofuels based on ethanol oan be produced. 


Deforestation Can Cause Many Problems 


1) Cutting down fondo of trees means that the amount of carbon dioxide = 
removed from the atmosphere during photosynthesis is reduoed. 


2) Treee ‘lock up’ some of tho gatbon thet they absorb during photooynthesi in thelr wood, which oan 
remove it from the atmosphere for hundreds of years. Removing trees means that less is locked up. 


MORE CARBON DIOXIDE IN THE ATMOSPHERE 


1) Carbon dioxide is rolaased when trees are burnt to clear land. (Carbon in wood doesn't contribute to 
atmospheric pollution until it's releaced by burning.) 


2) Microorganisms feeding on bits of dead wood release carbon dioxid 


1) Biodiversity (p.116) is the variety of different species — the more species, the greater the biodiversity. 
2) Habitats like forests can contain a huge number of different species of plants and animals, so when 
they are destroyed there is « danger of many species becoming extinot — biodiversity is reduced. 


‘More CO, in Me 
: atmosphere 


product of respiration. 


_ Destroying Peat Bogs Adds More CO, to the Atmosphere 


1) Bogs are areas of land that are ‘oldio and unineed Plants that live in bogs don’t fully decay wher 
they die, because there's not enough oxygen. The partly-rotted plants gradually build up to form peat. 

2) 0 the carbon in the plants is stored in the peat instead of being released into the atmosphere. 

3) However, peat bogs are often drained so that the area can be used as farmland, or the peat is cut up 
‘and dried to use as fuel. It's also sold to gardeners as compost. Peat is being used faster than it forms. 

4) When peat is drained, it comes into more contact with air and some microorganisms start to 


decompose it, When these microorganisms respire, they use oxygen and release carbon dioxide, 
contributing to global warming (see the previous page). 


5) Carbon dioxide is also releaced when peat is burned as a fuel. 
6) Destroying the bogs also destroys (or reduces the area of) the habitats of some of 
the snimals, plants and microorganisms that live there, so reduces biodiversity. 


Pete Boggs Demolition Ltd — the name in habitat destruction... 
So removing trees and peat results in more atmospheric CO,, which contributes to global warming. Bad times. 
QI Suggest why deforestation can result in a higher CO, concentration in the atmosphere. [3 marks} 
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It's really important that biodiversity is maintained, but other factors also have to be 
Programmes Can be Set Up to Protect Ecosystems and Biodiversity } 


It's important that biodiversity is maintained at a high enough level to make sure that ecosustenms are stable 
(see page 106). In some areas, programmes have been set up by concerned citizens and polentiats to 
by human activities (see p.t16) to eooxyeterns and biodiversity. Here are a few examples: 


|) Growding programmes have bean set up to help provent wndengored speoien from becoming sxtine!. 
These are where animals are bred in copfiviiy to make sure the species curvives if it dies out in the 


wild. Individuals can sometimes be volowod into the wil! to boost or re-establish a population. 

2) Programmes to protec! and regenerate rare habitats like mangroves, heathland and coral reel: 
have been started. Protecting these habitats helps to prolect the species that live 
‘preserving the ecosystem and biodiversily in the area. 

3) There are programmos to vsiniroduon herlgorowe and field margin around fields on farms whore 
only a single {ype of orop ie grown, Field margins are areas of land around the odves of folds 
where wild flowers and gravone are loft fo grow. Hedgerows and field margins provide a abita! for 
0 wider vorely of organiame than could survive in a single crop habitat, 

4) Some governments have introduced regulations and programmes to rorlio the level of deforestation 
taking place and the amount of »r}0n dlcxide being released into the atmouphere by businesses. 
This could reduce the increase of globe! ywurming (Bee page 117). 

5) People are encouraged to recyole to reduow the amount of wavie that gots dumped in joni sites, 
This could coduuoe the amount of land taken over for landfil, leaving scosuselons in place. 


‘en into account. 


Conflicting Pressures Can Affect How Biodiversity is Maintained 1 | 


Sadly for noble biodiversity warriors, maintaining biodiversity ian’t as simple as you would hope. 
There are lots of conflicting pressures that have to be taken into account. For example: 


1) Protecting biodiversity costs inoney. For example, governments sometimes pay farmors a 
‘subsidy to reintroduce hedgerows and field margins to their land. It can also oost money to 
keop a watch on whether the programmes and regulations designed to maintain biodiversity 
are being followed. There can be conflict between protecting biodiversity and saving money 
— money may be prioritised for other things. 

2) Protecting biodiversity may come af a cost to local people's livelihood. For example, 
reducing the amount of deforestation is great for biodiversity, but the people who were 
previously employed in the tree-felling industry could be left unemployed. This could 
affect the local economy if people move away with their family to find work. 

8) There can be conflict between protecting biodiversity and protecting our food security. 
Sometimes certain organisms are seen as posts by farmers (@.g. locusts and foxes) and are 
killed to protect crops and livestock so that more food can be produced. As a result, however, 
the food chain and biodiversity can be affected. 

4) Development ig important, but it can affect the environment. Many people want fo protect 
biodiversity in the ie ere but sometimes land is in such 

land with has to be used for development, e.g. ie 
Sere of fowns, or for new agricultural land in developing countries. 


Revision or sleep — now that’s a conflicting pressure... 

Like many situations in ecology, maintaining biodiversity isn’t black and white, There are lots of 

factors to take into account before decisions on the best way to go forward ean be made. 

QI Give an example of how biodiversity can be increased in areas that farm single crops. [2 marks} 


2 How could wild populations of endangered species be preserved by breeding programmes? [2 marks] 
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Trophic Levels | 


‘And now for something slightly different... The word 'trophio' comes from the Greek word jrophe meaning 
‘nourishment". This page must contain something about food then. Probably worth reading on | reckon... 


_ Food Chains Can be Divided into Trophic Levels | 


1) You might recognise some of this stuff about food chains from page 109. Unfortunately, 

now you need to learn a bit more about it. Enter the exciting world of trophic levels. 

2) Trophio levele are the different stages of a food ohain. They consist of 
‘one or more organisa that perform a specific role in the food chain, 

8) Trophio levels are named aftor their looation in the food chain using numbers. The firat level is called 

. Each level after that is numbered in order based on how far along the food chain the 

‘organisms in the trophic level are. For example, the organisms second in line in the food chain belong 
fo trophic level 2. organisms third in line are in trophic level 3, and so on. 


Trophic Level 1 Contains Producers 
Ios i 
1) Producers ore the organiams at the starting point plant 
of a food chain, og. plants and algae. (produce) hy 


2) Thoy're called producers because they make thelr own food 
by photosynthosia using energy from the Sun. 


Trophic Level 2 Contains Primary Consumers 


Trophic Level 2 


1) Herbivores that eat the plants and algne are primary consumers. per etne) Sl 
2) Herbivores eat only plants and algae, wa 
Trophic Level 3 Contains Secondary Consumers | y 
1) Carnivores that eat the primary consumers are secondary consumers, be | 
2) Carnivores are moat eaters. sacha y 
Wrophie Level 4 Contains Tertiary Consumers Gece corse) =) 
1) Carivores that eat other camivores Se 
(the pecondary consumers) are 2 There canbe more than four = 


trophic levels in «food chain, 


bul there are ony usualy 4” = 
5 because 30 much eneray = 


arctic wolf 


2) Carnivores that have no predators are 
at the fop of the food chain, ¢o they're fom the food chain at 
always in the highest trophic level. ch toh le (ee p23), = 


cement pi ai (4 


Decomposers Break Down Uneaten Remains and Waste | 


1) Decomposers such as bacteria and fungi play an important role in ecosystems. 
2) They decompose any dea plant or animal material lft in an environment. 


8) They can do this by secreting (releasing) enzymes that Weveese ayaQtsQH0) 
break the dead stuff down into 
‘These then diffuse into the microorganisms. 


G,G,G,E), F, F, F, D — sorry, just decomposing Beethoven's Sth... 
trophic level is just the fancy term fora stage in a food chain. Each trophic level always contains organisms 
that perform the same role. For example, the organisms in trophic level 3 are always the secondary consumers. 
And don't forget about those environmental champions, the decomposers. They clean up after everyone else. 


QI Explain how decomposers break down dead material in an environment. [1 mark] 
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Pyramids of Biomass 


OK, I'll be straight with you. This isn't the most interesting page in the world, but hey — life's like that. 
Pyramids of Biomass Show the Relative Mass of Each Trophic Level — 


There's less energy and less biomass every time you move up a stage (trophic level) in a food chain, 
‘There are usually fewer organisms every time you move up a level foo. Let's revisit our woodland 
friends from p.109 3 


a we 


100 dandelions... feed... 10 rabbits... which feed... one fox. 


‘This isn't always true though — for example, if 500 flea are feading on the fox, the number of organisms 
has increaced ae you move up to that stage in the food chain. So a better way to look at the Tood chain i 
offen to think about biomass instead of number of organisms. You can use information about biomass to 
construct @ pyramid of biomass to represent the food chain: 
1) Each bar on @ pyramid of biomass shows the relative mage of living material at @ trophic level 
— basically how much all the organistna at each level would "woigh' if you put them all together. 
2) Go the one fox above would have a big biomany and the hundreds of fleag would have 
9 very mall biomass. Biomass pyramids are practically always pyramid-shaped: 


floas 


‘The big bar along the bottom of the pyramid shows trophic lavel 1. It always represents the producer 
Le. plants or sae). The net ber wil be the ninaruonnaumt (the arma thet eat the prodoer, thn 
the secondary consumer (the animal that eats the primary consumer) and so on up the food chain. Easy. 


Pyramids of Biomass Give You Information About Food Chains 
1) H's easy 0 look at pyramids of 


biomass and explain what they Eg. 
show about the food chain — 
just remember, the beau at 
each stage should ; be drawn to 
scale. For example: ==>» [7 

2) W you're given actual numbers, fen yb tig ao irl yo oa nae 

you can use them to draw bars That a Le & quite a bit bigger than an aghid. So whats going on here 
ofthe correct soale. Don't forget ‘that las (probably thousand) of aphids are Feeding on 2 reat big tre. 
that the order of organisms in ‘Quite lot of ladshnds are then eating the aphids and 3 ew pacers 
the pyramid must follow the a alin he ibe, Rana rd aca sus 7 0 
ondoorite ail vp te ess jot ht ae hve yi ama and can 
ed peprer i fix alt of the Suis energy using al thos lea 


Constructing pyramids is a breeze — just ask the Egyptians... 


There are actually a couple of exceptions where pyramids of biomass aren't quite pyramid-shaped. It happens 
‘when the producer has a very short life but reproduces loads, like with plankton at certain times of year. But it's 
very rare, so forget I ever mentioned it, Sorry. When you're done here, do something fun like sing to a squirrel 


QI What does each bar on a pyramid of biomass represent? (1 mark] 
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Great, steak for dinner — come biomass from a cow to help you grow. But you'll need come of that biomass 
for respiration, so you can move about and revise. And some will be indigestible. This is how biomass is lost... 


[ Biomass is Lost Between Each Trophic Level 


1) Energy from the Sun is the source of energy for nearly all life on Earth, 

2) Producers, cuch ae green plants and algae, use energy transferred by light from the Sun to make 
food (glucose) during photosynthesis. Of the energy that hits these producers, only about 1% 
ig transferred for photosynthesis. 

8) Some of the glucose ic used by the plants and algae to make biological molecules. These biologie 
molecules make up the plant's biomaas — the maus of living material. Biomane 

4) Biomass is transferred through a food chain in an ecosystem when organisms gat other organisms, 
However, no! much biomags gets transferred from one trophic level to the next. In fact, only about 10% 
of the biomass is pasued on to the next level. 


5) Biomass is Jost between the levels for » fow different reasons: 
* Organisms don't always eat every single part of the organism they're consuming. Pad 
f 


For example, come material that makes up plants and animale is inadible (e.g. bone). 
This means that not all the fjarice oan be plan ft ned Sagara the food chain. 
+ Organisms don't absorb all of the stuff in the food they ingest (take in). The stuff that they 
Pir absorb is egected (released) as faeces (ahem... pooped out, to you and me). 
* Some of the biomass taken in is converted into other substanoos that are lost as waste. 
For example, organisms use a lot of gluooee (obtained from the biomass) in respiration to 
provide energy for movement and keeping warm, eto. rather than to make more biomass. This 
process produces lots of waste arbon dioxide and water av by-products. Urea is another waste 
substance, which is released in urine with water when the proteins in the biomass are broken down. 


You Can Calculate the Efficiency of Biomass Transfer | 


Proow® > mm mA 


rowebuch: 43 kg groonflien: 4.2 kg ladybird: 0.4 kg bird: 0.04 kg 
1) The numbers show the amount of biomass available to the next level. 80 43 kg is the amount 
of biomass available to the greenflies, and 4.2 kg ie the amount available to the ladybirds. 
2) You can work out how much biomass has been lost at each level by taking away the biomass that is 
aveileble at that level from the biomass that wes available at the previous level. For example: 
Biomass lost at Ist trophic level = 43 kg ~ 4.2 kg = 98.8 kg. 
8) You can also calculate the efficiency of biomass transfer between trophic levels: 


biomass transferred to the next level 
efficiency = ————_—_—_———""_—_ x 100 


biomass available at the previous level 


So at the Ist trophic level, efficiency of biomass transfer = 4.2 kg + 43 kg x 100 = 9.8% efficient. 


Ah ah ah ah stayin’ alive, stayin’ alive... 


The Bee Gees were definitely on to something — staying alive is important, but it does require a lot of energy. 
Remember though that hardly any of this energy makes it to the next level in the food chain — most is lost. 


QI Give two ways that biomass is lost between trophic levels. (2 marks] 


Q2 Calculate the percentage efficiency of biomass transfer between some large fish with 995 kg 
of available biomass and a shark with 110 kg of available biomass. (I mark) 
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Food Security and Farming 


There are more than 7 billion people on our planet and they all need feeding, 60 maintaining our (ood eupply is 
important. We need to make sure that we use susfainable methods of food production wherever we can. 


Lots of Factors Affect Food Security | 


Food seourity is having enough food to feed a population. 
There's wide range of things that can Py food security. For example: 


1) The world population keops inoreasing, with the birth rate of many developing countries rising quickly. 
2) As diets in developed countries change, the demand for certain foods to be imported from developing 
‘gountries oan inorease. This means that olready soaroe food resources can become more scare. 

8) Farming can be affected by now pests and pathogens (e.g. bacteria and viruses) 
or changes in the environmental conditions (0.g. a lack of rain). This ean result 
in the loos of crops and livestock, and can lead to widespread faring. 
4) The high input costs of farming (e.g. the price of seeds, machinery and livestock) can make it 
100 expensive for people in some countries to atart or maintain food production, meaning that 
there sometimes aren't enough people producing food in these areas to feed the people 
5) In some parts of the world, thore are conflicts that affeot the availability 
of food and water. 


_Overfishing is Decreasing Fish Stocks _ 
1) Fish ofocks are dootining in the ooeans because we're fishing v0 muah. 
2) This means there's lass fish for us to ont, the ocean's food chaiing are 


affected and some species of fish may disappear altogether in some areas 
— for example, ood are at risk of disappearing from the north wost Atlantio. 


8) To tackle this problem, we need to maintain fish stocks at a level whore th 
This is sustainable food production. Fish stocks can be maintained (conserved) in these ways: 
‘thore are limite on the number and size of fish that oan 
cal in certain areas. This prevents certain species from being overfished. — 
[USEF] — thoro are different limits of the mesh size of the fish net, depending on what's being fished. 
This is to reduce the number of ‘unwanted’ and discarded fish — the ones that are accidently caught, 


chrimp caught along with ood. Using a bigger mesh size will lot the ‘unwanted’ species eacape. 
It also means that younger fish will slip through the net, allowing them to reach breeding age. 


Food Production Can be Made More Efficient | 
Limiting the movement of livestock and keeping them in a temperature-controlled environment reduces the 
transfer of energy from livestock to the environment. This makes farming more efficient as the animals use 


less energy moving around and controlling their own body temperature. This means that more energy is 
available for growth, so more food can be produced from the same input of resources. 


1) Livestook like calves and chickene can be factory farmed. This involves raising them in small pens. 
2) Fish can aloo be factory farmed in cages where their movement is restricted. 2)!"1'"\ 
8) Some animale are also fed high-protein food to further increase their growth. ced Betiey 


Some factory farming methods are controversial. Because the animals are kept so 1! "1/1005 
close together, disease can spread between them easily. There are also . 
‘as some people think that making animals live in unnatural and uncomfortable conditions is cruel. 


Fishermen are just too effishent... 


Food security is seriously important, but there are lots of issues that threaten it, There are ways to reduce the threats 
though. Make sure you're familiar with the stuff on ge and your exam mark security may be vastly improved. 


Q1__Explain how food production from livestock farming can be made more efficient [4 marks] 
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iotechnology | 


Biotechnology is where living thinge and biological processes are used and manipulated to produce @ 
useful product. t's a wide and rapidly expanding field that could be really handy if used to ite full potential. 


Mycoprotein — Food from Fungi | 

1) Using modem biotechnology techniques, large amounts of mioroorganiams can be cultured 
(grown) induetrally under controlled conditions in large vate for use as a food source. 

2) TPR Perera . 
8) It's made from the fungus Fusarium, which is grown in 

erobic conditions on glueone syrup, which it usen as food, 

4) The fungal biomass is harvested and purified to produce the mycoprotein. > 


Bacteria can be Engineered to Produce Human Insulin 


Genetic engineering is transferring # \iseful gene from one organism to another (see page 99). 
Bacteria can be genetically engineered to make human ingulint human insulin oo 


1) A plasmid (a loop of DNA) is removed from a bacterium. AY picky ends 
2) The insulin gone is cut out of a human chromosome using Reviiction enzymes id 
® restriction enzyme. Restriction enzymes recognise meen ‘icky 

specific sequences of DNA and cut the DNA at these tha plaarnd.,. = %, 

points. The cut leaves pal of the DNA strands with 

unpaired basos — this is called a ‘sticky end’. srllgaue joins the two bits 
2) The planmid la out opan uaing the aome OT DAA gate Py 

rosttiction enzyme — leaving the same sticky ends. andthe ©) 
4) The plasmid and the human inoulin gene are mixed Jopethor. ‘ecb OMA ¥ peteae a 
5) Ligane (an enzyme) io added, This joing the sticky ends 

together to produce recombinant DNA (two different bits 


of DNA stuck together). 
8) The recombinant DNA is incorted into a bacterium, 


7) The mailed bactarium ie grown in a vat under oonirollad conditions. You end up with miions of 
bacteria that produce inaulin. The insulin can be hurvested and purified to treat people with diabetes. 


Crops Can be Genetically Modified 


Many people in the world today don't have enough food to eat (or the diet they have isn't varied). 
This mostly happens in developing countries — like those in Afica and parts of Asia. 


| Biotochnctogy could hep. 

1) Genetically modified (GM) crops can be produced that are resisian! io pests — improving crop yields. 

2) They can be genetically modified to prow better in drought conditions — again improving orop yields. 

8) And some crops can be modified to provide more nutritionsl valle, e.g. ‘Golden Rice" has been 
‘genetioally enginearod 


to produce a chemical that's converted in the body to vilamin A. 


1) Many people argue that people go hungry because they can't afford to buy food, not 
because there isn't any food about. So they argue that you need to tackle poverty first. 
2) There are fears that countries may become dependent on companies who sell GM seeds. 


8) Sometimes poor soil is the main reason why crops fail, and even GM crops won't survive. 


I'll have a fungus sandwich with a side of GM rice please... 
Genetic modification is a powerful biotechnological tool. 1 could hold the solution to a wide range of problems. 
QI What is “Golden Rice"? [2 marks} 
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Questions for Topic 7 | 


Jadot, 


a OEE 
That's Topic 7 done with. | bet you're right in the mood for a long list of revision question now. You're in luck. 
* Try these questions and fick off each one when you get it right. 

* When you've done all the questions under a heading and are completely happy with it, tick it off. 
Competition, Abiotic and Biotic Factors, and Adaptations (p.106-108) [_] 

1) Define ‘habitat’. 

2) What things do animals compete for in an ecosystern? 

3) What are biotic and abiotio factors’? 
4) What are functional adaptations? 


5) What do food chains always start with? 


8) Explain what happens to tho population size of a predator 
if its prey becomes more common in an ecosystem. 


Quadrats and Transects (p.110-111) (_] 
7) Explain how a quadrat can be used to investigate the distribution of clover plants in two areas. 
8) Suggest why you might use a transect when investigating the distribution of organisme, 
Environmental Change, and The Water and Carbon Cycles (p.112-113) [_] 
9) How might a change in the availability of water affect the distribution of species? 

10) When water vapour cools and condenses in the atmosphere, what does it change into? 

1) Explain how microorganisms return carbon to the atmosphere, 

Decay (p.114-115) [_] 

12) Explain why fomperature affects the rate of decay. 

18) Is biogas produced by aerobic or anaerobic decay? 


o 
14) Suggest why it’s important to have high biodiversity in an econystem. O 
15) Name two gases linked to global warming. 
16) Give an example of how global warming could reduce biodiversity. 
17) Why might humans carry out deforestation? 
18) Explain why the destruction of peat bogs adds more carbon dioxide to the atmosphere. 
19) How can reoyoling programmes help to protect ecosystems? 


21) In which trophic level are the tertiary consumers found? 
22) Does the bottom bar on a pyramid of biomass represent the tertiary consumer or the producer? 
23) Approximately what percentage of biomass is lost between trophic levels’? 


Food Security and Biotechnology (p.123-124) [_] 
24) Give an example of a factor that can affect food security. 
25) How can fish stocks be maintained at a sustainable level? 
26) What is mycoprotein? 

27) How can bacteria be used to produce human insulin? 
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Measuring Substances 
Get your lab coats on, it's time to find out about the skills you'll need in experiments... 
| Use the Right Apparatus to Take Readings | 
[) Mass} 


To weigh a solid, start by putting the container you are weighing your substance into on a balance. 
Set the balance to exactly zero and then weigh out the correct amount of your substance. Easy peasy. 


Yo con ies thacmoniaae 9 rani ta farperalure of i shies Mi aire 
that the bulb of the thermometer is completely cubmerged in the solution a 


that you wait for the temperature to stabilise before you take your Initial Ca 
Read off the coals on the thermometer at eye lovel 10 make sure it's correct, 


Thore's more than one way to measure the volume of a liquid. Whichever 
method you use, always read the volume from the bottom of the Hy felt 
tmenizous (the curved upper surface of the liquid) when it's at eye level. Nir, 


. used to suck up and fransfer volumes 
Dropping pipettes 


used to transfer 


Using a pipette — Pipettes 

of Re betwen containers. 
of liquid, Graduated pipettes are used to transfor noourate volumes. A pipetto fillor is 

attached fo tho end of a graduated pipette, to control the amount of liquid being drawn up. 

* Using « meauuring oylinder — Measuring cylinders come in all different sizes. Make sure you 

choose one that's the right size for the measurement you want to make. It's no good usi 
1 huge 1 dm? cylinder to measure out 2 om? of a liquid — the graduations will be too big, and 
you'll ond up with massive errors. It'd be much better to use one that measures up to 10 om?, 


aes 
1) To earl ‘meecure the volume of ges, you should use « gas ayrings. —>» Mt 
2) Alternatively, you can use an upturned measuring oylinder filed with water. 
The ges will diuplace the water so you can read the volume off the scale. 
3) Other methods to measure the amount of gas include counting the bubbles produced or measuring 
the length of a gas bubble drawn along a tube (see p.59). Those methods are less accurate, 
but will give you relative amounts of gas to compare renulie. 
4) When you're measuring @ gas, you need to make sure that the equipment is set up so that none of 
the gas can escape, otherwise your results won't be accurate. 


| 


The method you should use to measure pH depends on what your experiment is. 

1) Indicators are dyes that change colour depending on whether they're in an acid or an alkali. 
You use them by adding a couple of drops of the indicator fo the solution you're interested in. 
Universal indicator is a mbcture of indicators that changes colour gradually as pH changes. 

W's useful for estimating the pH of a solution based on its colour. 

2) Indicator paper is useful if you don't want to colour the entire solution that 
you're festing. If changes colour depending on the pH of the solution it fouches. 
You can also hold a piece of damp indicator paper in a gas sample to test its pH. 

8) pH meters have a digital display that gives an accurate value for the pH of a solution. 


Experimentus apparatus... 
Wizardry won't help you here, unfortunately. It's best you just get your head down and learn this stuf. 
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Heating, Safety and Ethics 


More lab stuff coming up next — a bit about heating things up and then some important things to think about... 


Bunsen Burners Have a Naked Flame 


Bunsen burners are good for heating things quickly. But you need to make sure you're using them gafely: 


* You should always use a Bunsen burner on a heat-proof mat. 

+ If your Bunsen bumer is alight but not heating anything, make sure 
you plone the hole so that the flame becomen yellow and 

* Use the blue flame to heat things. If you're heating a vessel in the flame, hold Nine 
it af the fop (e.g. with tongs) and point the opening away frorm yourself (and others). 

* If you're heating something over the flame (o.g. a beaker of water), you should 
put a tripod and gauze over the Bunsen burner before you light it, and place the vessel on this. 


Heatproof 


to gas 


The Temperature of Electric Water Baths & Electric Heaters Can Be Set } 
1) A.wator bath is a container filled with water that can be heated to a specific temperature. 
A imple water bath can be made by heating « booker of waitor over a Bunoon burner and monitoring the 
temperature with a thermometer. Howover, it ia difficult to keep the temperature of the water constant. 
2) An glectrio water bath will monitor and adjust the temperature for you. Here's how you use one: 


* Bot the fomperaturo on tho water bath, and allow the water to heat up. 
* To make sure it's reached the right temperature, use a thermometer. 


* Place the vessel containing your substance in the water bath using test tube holders or tongs. 
The level of water outside the vessel should be just above the level of the substance in the vessel, 


* The substance will then be warmed to the game temperature as the water. 
As tho substance in the vensol is surrounded by water, the heating is very avon. 


3) 


Electric heaters are often made up of » metal plate that can be heated to a specified temperature. The 
vessel containing the substance you want to heat is placed on top of the hot plate. The vessel is only 
heated from below, so you'll usually have to stir the substance inside 4o make sure it’s hoated evenly, 


Make Sure You're Working Safely in the Lab | 


1) Before you start any experiment, make sure you know about any safety precautions to do with your 
tnathod oF the chemicals you're using. You need to follow any ietructione that ‘your feacher gives you 
carefully. The chemical you're using may be hazardous — for example, they might be flammable 
(catch fire easily), or they might irritate or burn your skin if it comes into contact with them. 

2) Make cure that you're wearing gencible olothing when you're in the lab (e.g. open shoes won't protect 
your feet from spillages). When you're doing an experiment, you should wear a lab coat to protect your 
skin and clothing. Depending on the experiment, you may need to also wear safety goggles and gloves. 

8) You also need fo be aware of general safety in the lab, e.g. keep anything flammable away from lit Bunsen 
burners, don't directly touch any hot equipment, handle glassware carefully so it doesn't break, etc. 


You Need to Think About Ethical Issues In Your Experiments — 


1) Any organisms involved in your investigations need to be treated safely and ethically. 
2) Animals need to be treated humanely — they should be handled carefully and any wild animals 
. during an investigation of the distribution of an organism) should be 


8) Any animals kept in the lab aol isd asin a way, e.g. they should not be kept in 
overcrowded conditions. 


4) If you are carrying out an experiment involving other students (e.g. investigating the effect of caffeine on 
reaction time), they should not be forced to patticipate againct their will or feel pressured to take part, 


Practical Skills 


128 


Potometers and Microscopes 
‘We're on to potometers and microscopes now, oh my... 


Potometers Should Be Set Up Underwater | 


A polometor is @ special piece of apparatus used to measure the water uptoke by a plant. 
Here's how to set one up: erin 
2th 


1) Cul @ shoot underwater to prevent air from the pl 


2) Aooemble the potometer in water and insert 
the shoot under weler, 60 no oir can enter. 


8) Remove the apparatus from the water but 
keep the end of the capillary tube wulirmerged ‘As the plant Top ia shut off 
in a boakor of wator, fakes up water, luring experiment. 
4) Check that the apparatus is watorligh? and virtight. cana 


5) Dry the leaves, allow time for the shoot tho scale, 


to soolinnutine and then shut the tap. 


moves 
way. 


6) Remove the ond of the capillary tube from the 
boaker of water until one oir bubble hae formed, 
then put the end of the tube back info the water. 
7) Apotometer can be uued to estimate Bubble moves this way. 


the transpiration rate of a plant. 


There's more about this on page 44, > Decker of water, 


| You Can Measure the Size of a Single Cell 
When viewing galls under a micronoope, 
you might need to work out their gize. 
To work out the size of a single coll: 
1) Place a clear, plastic ruler on top of your microscope slide. 
Clip the ruler and slide onto the stage. — 
2) Select the objective lens that gives an overall magnification of x 100. 


=e 
8) Adjust the foous to get a clear image of the cells, laa Tm 
4) Move the ruler so that the cells are lined up along 1mm. FE : 
Then count the number of cells along this | mm sample. 
el 


5) Imm = 1000 jim. So to calculate the length of a single cell in jm, rriler“narking 
‘you just need fo divide 1000 jim by the number of cella in the sample 
E.g. if you counted 4 cells in I mm, the length of a single cell would be: 1000 + 4 = 250 um 


Use the Cell Size to Work out the Length of a Scale Bar oi. ba, one Lo! 
1) Hf you draw a diagram of a cell you've observed under 
a microscope, you might want to include a scale bar. 500 jim 
2) Once you know the size of one cell, you can use it to calculate how long your scale bar should be. 
8) To draw a 500 um sesle bar, 
just use this formula: —__>» 


Single cell, looking for love... 


‘These techniques might seem a bit tricky at first, but if you practice them they'll become second nature, Honest. 
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+. especially when I'm a bit peckich in the supermarket and they're handing out free cheese. 
Unfortunately, this page isn't about those samples. It's @ lot more useful than that... 


Sampling Should be Random — 


)) 
2) 
3) 


When you're investigating @ population, it's generally not ponsible to study every single organiim 
in the population. This means that you need to take samples of the population you're interested in. 


The samplo data will be used to raw conclusions about the whole population, 0 's1s\:./sssrs sve 
‘60 it's important that it accurately represents the whole population. 2 Masanpe dei rara 
To make sure a sample represents the population, it should be random. S  eaeiiee 


_ Organisms Should Be Sampled At Random Sites in an Area 


1) If you're interested in the digtribution of an capesiion in an area, oF its population size, you can take 
population samples in the aran you're interested in using quadrats or transect (see pages 110-111), 

2) If you only take samples from one part of the area, your results will be biased — they may not give 
‘an acourate representation of the whole area. 


3) To make cure that your sampling ion't biased, you need to use a method of choosing sampling cites 
in which every site has an equal chance of being chosen, For example: 


If you're looking at plant ‘Nonsandom sampling Bandon sana 
neioa ia sak Cay loks ata sl pat of De Fl Randomly set squares fom al over the ld 


1) Divide the field into a prid. u 


coordinates, e.g. (2,6). 


4) Take your samplon at 
these coordinates. 


Sve tame wn 


12345678910 


"Health Data Should be Taken from Randomly Selected People 


1) Ae mentioned above, isnot practical {or even poouibe) fo etudy an aie human population, 
2) You need to use random sampling to choose members of the population you're interested in. 
For example: 


A ball peolsestondl sy oetitsting low inary poeple Sagroned wit, Tues! 2- debates 

in a particular country also have heart disease: 

y) ia tba pula es Fae ce MaehSaed wah ypa’oleabctee Wi theloourtiy of 
interest are identified by hospital records. In total, there are 270 196 people. 

2) These people are assigned a number between 1 and 270 196. 

9) A random number generator is used to choose the group 
(e.g. it selects the individuals #72 068, #11 822, #193 123, etc.) 

4) The proportion of people in the sample that have heart disease can be used to 
estimate the total number of people with Type 2 diabetes that also have heart disease. 


‘Eeny, meeny, miny, moe’ just doesn’t cut it any more... 
‘Sampling is an important part of an investigation, It needs to be done randomly, or the data won't be worth much. 
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Comparing Results 


Being able to compare your results is really important. Here are some ways you might do it. | spoil you. 


| Percentage Change Allows you to Compare Results 


1) When investigating the change in a variable, you may want fo compare results that didn't have the 


. For example, you may want to compare the change in mae of potato oylinders 
left in different concentrations of sugar solution that hed different initial masses (see page 21). 


2) One way to do this is to calculate the percentage change. You work it out like this: 


SS 


F EXAMPLE] ‘A student is investigating the effect of the concentration of sugar solution on potato cells. 
She records the mass of potato cylinders before and after 


Potato | Concentration 
placing them in sugar solutions of diferent concentrations. | cylinder (mol/dm’) 
‘The table on the right shows some of her results. 
IOV peta Hd barges pacar chine?) |e ma 


1) Stick each set of results into the equation: 


ea = 
The rmass at the start is the 
final value = original vals 1, S1- 15700 = 16% site odginal.value The mass at 
Fe change nee «100 the end the final value 


2 400 = 15% — Here the mass hs dead 
ane th peng change egal 
2) Compare the results 16% is greater than 15%, s0 the potato cylinder in the O10 mol/dm! sugar solution 
had 


largest percentage chan, 


| Percentiles Tell you Where in Your Data Set a Data Point Lies 


1) Percentiles are useful if you want to compare the value of one data point to the rest of your data. 
2) To find a percentile, you rank your data from smallest to largest, then divide it into one hundred 
equal chunks. Each chunk is one percentile. 
8) This means that each percentile represents one pervent of the data, and so the vi 
tells you what percentage of the data has a value lower than the data points in that _ 


ile. 
E.g. Mike the Meerkat is in the 90th percentile for height in his gang. 
This means that 20% of the gang are shorter than Mike. 


4) Percentiles can be used fo give a more realistic idea of the spread of data than the range (see p.6) — 
by finding the range between the 10th and 90th percentiles in a data cet (the middle 80% of the data), 
you can look at the spread of the data while ignoring any outlying results. 


‘An outlier isa vale thats 


10th percentile median 90th perm The dete cot hae aS ctamsle than erat 


i (ee 4 small range. “1! 
—— 
zl «+ but this data set is more 
panel compact around the median, 
pear 4 — the largest data value ) 
ie an oullier. 50th percentile 


Percentage change in how much I love maths after this page — 0% 
Aaaand that’s the end of Practical Skills, folks, Go forth, and science like you've never scienced before. 
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pll—Cetls 

G1 Any to from: «9. prokaryotic ols are sraler 
than exkarylc cts [¥ mark. Prokarytc 
‘cals don have maochonna bu aka 
so (1 mark} /Prokanyoti cols donthave 
“aru nacus but eukaryote cals do (¥ mark). 


ple 


p.13 —More on Microscopy 
‘Qt To Nighi objet wathn ne sample by adaing 
kur tha (Fase 


p.14—Col Differentiation and 
Specialisation 

Qt 19 they hav fw mucha ucts / 
‘They joned end 0 nc. They kong, 
(man 

(G2 The cot han nharsbo shape. which ove a 
large surace ares [1 mark) o abr wat and 
ras tom the 908 FY mark 


p.18—Chromonomen and Mitoxin 

{Qt The ct has to reas the amount of 
suvcemsnsrvcare (1 mark nd upscale 
NATH mark) 


p16 — Binary Pission 

{1 Lots ofits (¥ mark ad a Worm 
‘ovine mar 

2 30s 80% 3» 180 minutos 
‘180 30» 6 vin (¥ mark) 
Bageredegezed 


Sr ff mark 
iwen=65°= 1527. 
sae 
{Smart} 
©) Espa. sake stevie war [1 mark. 
{6} To show thot any deronce nthe grow othe 
tact ny du 16 Oo ai ol noe 
fi mark, 


p.l9—Stem Cells 

1Q1 Copies of ho pare can be mace by taking stom 
‘nls trom the mecstom ofthe pan 1 mark] 
tnd growing ther no new, genetically iene 
Blanks (ones) [¥ mark. 


p.20—Dittusion 

Qt.) The nk wi dts /eread et trough he 
‘water [1 mark], This x because the nk 
Daricies wil mave tom were a ght 
‘concerration of ter (he op of) 
“shore bere alee conection of 
(fhe surounding water (¥ mack 

‘The nk patos wa tune apron ut tater 

tment. 


p2l—Osmosis 

Qt Water wal move out of he pie of pots by 
‘ross (¥ mark]. +0 mass wil decrease 
(mart 


pt — Active Transport 

1 Active transport allows nutenis such as glucose 
to move tom a lover cancenraton the gato 
{igor concerto he blood (agonal the 
encenivaton racer) (4 mark) 


252414 umf mark) 
‘So me surface ma to volume rao 
4 ft mar) 


p24 — Exchanging Substances 

Q1 Eo. 1hey have aay surfoca orem! Thoy have 
oi rds gas Tay Rae 
ven ol Thay have 6 good Boo wy 
mn 

02 Tho sfaceof tho wanton is covered 
wt umal eroyetions (F mark 


1p. — Moro on Exchanging Substances 

1 Ay two Hog. mal UP ot gt Hans 
‘which give large wurtace anon. ach gt 
amar covered i laalian, wh Nrthor 
Inerontos the suaca aves / The tamalon have 
‘3. bn wurlace layer of co. 1 The lara 
ave at of eaptros. age eoncontation| 
{Gradient mooninned betwoar We wer wr 
(he baad, (2 marks) 


pit Coll Organisation 

Q1 That tis made up of ifort nave £¥ mark) 
‘hot wav ogee to prim a pari 
‘onctlon 1 mark) 


pat — Baayen 
1.90 fst Nigh to a, can tree 
ya bonds nog We onzynetogathor 
‘Thu change tho shape of he ncive nto 
{markt on donates the enzyme [¥ mark. 


33+ 600.55 om! ff mark) 


‘p.80— Enzymes and Digestion 

Q1 Bi i shane, 30 it neutralinos te stomach 
‘aid nd rane contons nthe eal stow 
‘ican [¥ mark) The enzyves of the sa 
Intestine won best in ewe alate conditions 
{1 mark] wo emiatonfnvorenks down 
fats oti doplots (1 mark. Ths gies 2 
‘egger srtce aro ofa forte enc Fosse 
to work on. making gestion faster [1 mark) 


p3l—More on Enzymes and Digestion 
Q1 Stomach £4 mark), pancreas (¥ mark] and ara 
Incetine (4 mart. 


p82 —Food Tests 
Q1 cine sokton (4 mark] 


p83 —The Lungs 
a1 495-12 
+41 bras per minut [¥ mark) 


p34 — Circulatory System —The Heart 

1 Theright vontcte (4 mark, 

{G2 They supply oxygenated blood to the heart ae 
Et mar 


p38 — Circulatory System — 
Blood Vessels 
Qt They nave a big lumen lo help he Bice fw 
despite tho low pressure [¥ mark] and they 
have vives to keep the ood Roving the 
‘ight rection £4 mark 


‘p38 — Circulatory System — Blood 

Qt They help te blood to clot ata wound /1 mark. 

G2 _They havea ge surface awa for aosrbing 
‘oxygen {1 mark). Thoy danthavo a nus, 
ttc own ee oom or camry onyoen 
{TY mart They contain naemogatin whieh can 
amine wih ype i the ngs a Yolo 
Iny venues (sar 


p37 — Cardiovascular Disease 

Qt.) Stones can bo ruetad imo tho coronary ateron 
tohaep trem open {4 mark). This sures tht 
the sup of oxygenated tod to the Peat 
nero (3 mark. 

Any te Wom 9 there vk 
complications sch au ahear atack ang 
the operation! There's Pak of ion Wom 
surgery! There's ak of patos developing 
"i tcolivemtnn naar Pe ln 
Lemaris} 


p38 — Mor on Cardiovascular Disease 

{Q1.) The heat vives ght nat be ate to open 
{hy meaning hates bead ean fw Bough 
‘ham [¥ mark). Tray can sve become ey, 
eon thal Blood ae Row nth 
Uso (4 mary 

1) 87 roping the vate WA nog oF 
mechavical ave [1 mark) 

{@2 Any on8 tom 9 surgey to an artes heart 
‘an lead to beading and ifecton. / Para of 
the otic hart could wear eu |The ote 
‘motor could a Ble! dows ove Wooxg the 
hea as smoohy ich could cause dete and 

119 soko. Th paint a 1 ak oo 
inning drug o prevent Blood cts. wach 
oud caste prota wi Bedi) fey 
hurtin acldont 1 mark 


01 The presence of certain substances n tw body. 
1 The presance of certain substances Be 
fvrccment (Fark) 


p4l—Cancer 

Qt Body cats aiding out of conto (t mark 

G2 Any thee fom: ag. smoking! obesity UV 
fxposure/ Val séecton (1 mark for exch 
‘correct answer up to 3 marks) 


242 — Pant Gell Organisation 
Mert Hesue i found at he growins tos 
fonts ard shoots [¥ mark and asic 
‘terest toot of dierent types o plant 
tft mark) 


p43 —Transpiration and Translocation 

Qt jem is made up of daa cats ined together 
‘ido end [1 mark] wih no end was berween 
Im ana ah down tha md tesa) 
Ines atengihened ty lin (4 mark) 
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pA —Transpintion and Somat 
‘Asi gts dara, th somata begin to ose 
[Ti mark]. Tis moans tat very We war ean 
festa [¥ mark] and be rate of wanapration 
ecases [1 mark). 


p46 — Communicable Disease 

G1 Viruses retest tnmsetves by sng the 
‘macunery othe cl they ve Ino produce 
‘any copies of themasives [1 mark. The ce 
‘we sunt ten Burs leaking al he new 
‘vewses [1 mark) 


PAT —Viral, Fungal and Protist Diseases 

{Q4 ved sin aah (1 mark) 

G2 Unig a fungi [¥ marky and ty sopping te 
‘lets ofthe afectedteaves and Sesboyin) 
ro) 


p48 — Bacterial Diseases and Preventing 


p49 — Nghting Disease 

G1 iis when wae ood exis eng reign els 
‘re gest hee (1 mark 

{G2 They scrote mucus to Wap pathonens (4 mark] 
‘hey have oka (1 mark ch wat Hw hues 
‘pth back ofthe vou whee bean be 
‘om (1 omar 


p.80 — Fighting Disease —Vaceination 
{Qt wastes (f mark) 


p51 —Fighting Disonse — Drugs 
Qt acsera (1 mark 


pe = Dioniag Deen 
\Wreaver the oun works and produces he eect 
yr loking for (1 mar. 

{G2 Torrako sure atthe drug doosn' have any 
‘ramble ets when he hoy ie ween 
‘nay (1 ak] 

3 Topo prevert fle eats aout te resus 
Ema 


p.83— Monoclonal Antibodies 
Qt ABsymphnocye[¥ mark) and a tumour cet 
Umar 


.54—More on Monoclonal Antibodies 

Qt Aracioacve subince [1 mark. owe dg 
{ork dremical whic stops cals growing 
‘2nd coving [1 mark] 


‘p.85—Plant Diseases and Defences 
Qt ewit have stunted grow [¥ mark] 


p57 —Photosynthesis and Limiting Factors, 

{1 Gcose (¥ mark) and oxygen [4 markt 

(G2 Light intensty £¥ mart. volume of CO, £4 mark 
and aout of corps [t mark. 


p.80—The Rate of Photosynthesis 
Qt Eg toh iensty [1 mark].CO, [1 mark. 


i 
OF aie Ot mary 


— Respiration and Metabolism 

1 Any two from: a9 to build up larger maleculos 
from smal ones. / To contact maces { 
‘To koap body lemporatre stony, [¥ mark] 

Q2_The aunt al of he rence ta happen ow 
cal rte boy (4 mark). 


p.62— Aerobic and Anaerobic Respiration 
1 Ghose /¥ mark] and oxygen [4 mark. 
{Q2 _ormontanion 1 mark 


p83— Exercise 

1 Long periods of exeroe (1 mart. 

{G2 An oyger db te oun of extn oyer 
‘your body eed fo react wth the bul up of 
Tce a ani remove rom We cal 1 mark) 


p68 — Homeostasis 

Q1 To maintain the nght conditions fr cats 
{anetion ropely and fr enya wan 
many 


22 scar (nl) (1 mark) 


1.06 ~The Nervous Systom 
@1 Muscles /¥ mark). anda (4 mark) 


p67 — Synaptos and Refloxes 

1 Arapi, oma response toa ative tat 
‘onan inva Dw eonacio.s pat the bat 
(mars). 

22.) cle £¥ mark) 

1) Tho awa oaenecrod Wy receptors (¥ mark 
“ich snd impules wog # serwory raurone 
{oe CNS [1 mark). The ext in worsferod 
{io Wray noun (1 markt hth 
\vansered to a moter neurone and Waves ong 
Ao Heol 1 mar 


1p.68— Investigating Reaction Time 
1242+ 266 263 +240 + 206 
1205 [1 mark) 
1295 5 5 = 247 ms [4 mark) 


{Q2 The cary mules contact 4 mark). whch 
stele sen paren} mh 


‘This esata he ana by wich Hrracts 
gh, so the mage i focused on the inn 
mark, 


p.T1— Correcting Vision Detects 

G1 The lens isthe wrong shape retracts be ght 
400 mich, oth eyebal ao ong [mar 
‘Solmages of tant objets are troup IN 
{ogame ren (¥ mark 

Gz The fens reac the igh rays so they focus on 
the etna [1 mark. 


p72 — Controlling Body Temperature 
21 thermorepuinorycentofhycotalamue [4 mark) 


p.73—The Endocrine System 

1 Because it produces many hormones ha we 
nother glands to reguiate body condons 
[mars 


p74 — Controlling Blood Glucose 

1 The pancras sacrates nau (1 mark]. nin 
causes glucose lo move from the Blood into Frer 
‘and muse exis (1 mart). In he cal, cose 
(tuned ia yeogen fr savage (¥ mark. 


1.76 —Tho Kidneys 

Q1 The kidnoys wil ubscr loss water (1 mark 
sooo muen war may be lot ros the body 
In rie 7 mark 


p16 —Kidney Failure 

G1 Watows ions ad waste substances 0 five 
‘to th ood ino the day had 1 mark. 
‘bt not age masocis the ron 80 hey 
‘wot Be oat om the blo) [¥ mark 


p17 — Puborty and the Menstrual Cycle 
1 FSHotitssmaing hormone [1 mark] 
G2 ton (1 mark 


p:18 — Controlling Fortility 
{Q1 The porn contvcaptive (1 mar. 
‘The corraceptve poten (4 mark) 


1p.79 — More on Controlling Fertility 

1 They neta yoverat egw to mane (¥ mark. 

Q2 9. Ndoosnt anays work. / Kean be 
‘espana 1 Too rary agp can eas, 
‘cing n weaned mato prouncen 


1p.00 — Adronaline and Thyroxine 

21 tyro oland (4 mark 

{@2_ When ho hh love of hyroxin a deci. 
{he secretion of TSM fom ho pitty gla 
Inve (1 mark) Ths reds Ww aman 
‘fms reeased tmnt tyro! yan 
{t mark] 30 te oval in th ood ata back 
towards nonnal [F marh 


p81 —Plant Hormones 

G1 Ho asin scans on te sto 
shoot that nthe shade (4 mark]. Ths causes 
the shaded sda ofthe aboot engate taster 
{[t mark] vot shook bends toward the gh 


62 — Commercial Uses of Plant 
Hormones 
1 Ep lo irate soed germination 0 contot 
‘denmancy’ to stimulate Bowedng Yo gfO% 
large rt £4 mark 


pad—DNA 

1 Amal secton of ONA found on a cvomosome 
{f mark] tat codes fr» parca sequonce 
‘fain Side [¥ mark hat are pu opener 
make a specte poten [¥ mark] 

Q2__ The emo et of yenetc materia an organ 
[man 


p85 —The Structure of DNA and Protein 
Synthesis 
1 sna 1/1 mark. 
Cand G/1 mark) 


p86 — Mutations 

1 Armutaton i 2 random change in an erganars 
NAST markt 

G2 Wutations change the ONA base sequence 
{PH mark] Tos canner he ana aids at 
{he bases cove for [¥ mark). The-can change 
the shape of he poiin tha arnne aes make 
‘p.whe ea floc ts fancton [1 mark 


p90—Kand¥ Chromosomes 
Qt XK mark) 


p91 —Gonetic Diagrams 

{Qt Your gesctypo the combination of oles 
yu ae (1 mark You pena Is Wo 
‘haachrtcn you have (¥ mark) 


‘p82 —More Genetic Diagrams 
* OO 

Ofrfn 

One 


tong tae ort tao 
11 

{1 mark for coneet gametes, 1 mark for 

‘correct offspring genotypes and ¥ mark for 

connect rao] 


‘p83 — Inherited Disorders 

[Qt Because the aloe which causes eye ross 
‘roc f¥ marx you av 1 hv tw 
recessive alleles fo have the order [7 mark. 
Hoterazygous people have one dominant and 
‘one veconsve ale (F mark, 


p94 —The Work of Mendel 

{Qt - Scinsts of th tne nt have he background 
Snowesgn to propery understand Mendes 
fading because hey din tow about genes, 
DDNA‘andevomenomas (3 mark) 


Qt Any twee tom: The envormentcnanges 10 
‘qucky- Anew predator il lo indus 
‘new Senate kate te indvisuste They 
‘cart compete wits anther species for fod. 
‘Acatastophic event (eg volcanic eruption or 
‘alsin wih an aso) his alte ddl, 
{[f mark for each comect answer, up to 
Smarts) 


p07 —More About Evolution 

21 it contacted the comenon rious bal of 
‘he time ata ie on earh was created by 
God [Y mark). Darvin ached Me avadence ta 
he needed i convince many oer scents 
[1 mark), Hea didnt nave any axplanation 
for why new benoficia characterises appeared, 


Q1 6.10 produce plans wih age oF wna 
‘towers (¥ mark) 

G2 Seoctiv tesding reduces th gene poot 
{Et mark] This chives an Weroased chance 
‘of oranismsinering harmful genet dotects 
{1 mark]. There i ao on increased chance 
tnt popdaion could be wiped xt by naw 
sea [1 mark) 


19 — Conotic Engineering 
1 Benefi—E.g tho charactoriticn choven 
for OM crops can moan thal Hay have an 
Inert Yo GM emp can be engnonred 
{o conan Gea ner, which somo peowie 
In dovlojng nations may ick em a ite 
1 mah 
Concern —€ 9. some prope are nt convinced 
‘hat GM crops are pale and ara concerned that 
we mig ty uncer the tar of 
‘aah thn on Numan hea Some pose 
‘sy ha growing GM crops wil ate te 
‘rior Of wd wera cts at ve 
‘apd around th crop. Thre Is concen hat 
the wandolared ges cau gt nto 
‘aural environ the 
‘roa of suse (¥ mark. 


p.100—Cloning 

{Q1 The lous removed fom an unlatnes 690 
{1 mark] and a complete vat of avomoxoes | 
‘nom nn aha yc inetd the 699 
{1 mark The ony co» Hen stewed to 
‘vid form an gmt by tng gen wn 


101 —Fossils 

G1 The mirobes hat causa docay cant sue in 
ow oxy conctons (9 mark. othe dows 
‘xganiama ae preserved rather an decayed 
1 mah. 


p.102—Speciation 

{Q1 The wo populations may bein erent 
‘envionment [1 mark] and so illerent 
‘haracinisies wl be bent (1 mark) 
‘Natura tect wit work diferey i e0ch 
‘Population so hal ndhduals wh the beneficial 
‘haracorisies are mere hel te survive and 
reprosicn £4 mark). 


p:103—Antibiotic-Resistant Bacteria 

1 Any one frome 9. when the ness ony 
‘ar. When he ilecson i tein caused by 
is [1 mari. 

{@2 Taking the complote course makos sure that 
the bacira are doswoyed [1 mark). Ths 
‘esr nat Ure are none le alte Sn 
‘Sevelop into abiticrewistnt sins (mark) 


p:104— Classification 
Q1 Castor 4 mark) 
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p.106— Competition 
G4 Theinterction ofa community of pani 
wih the aioe pats of ther envrorment 

IH mart 

€2 Any vee tom: bgt! spc war / mineral 
lons 1 mark for each correct answer. upto 
marks) 

(G3 Acommusty where al he speci at 
tvsermenta factors afe balance oo that the 
Populaton ses ae oughly constant mark]. 


p.107 — Abiotic and Biotic Factors 

Qt Any four om: mast love /Sght nansty 
‘omporatre art onde evel wd 
Intensity! wind oecton 508 9 minal 
ont of so [1 mark fr each correct 
‘answer, up 94 marks) 

{02 Any two tor: avoabity of oo / competion 
forresourcas new pathonens 1 mark fr each 
correct answer upto 2 marks) 


p.108 — Adaptations 
Qt.) Abharoural adaptation 4 mark} 

1) £9. Arter (¥ mark) 80 cn woe or 
foo (¥ mark} 'ABvch layer fl fF mark) 
oikrotana hoa [¥ mark] Aon surface 
‘99 Wo volume rao [¥ mark] so Kt heat 
1 aon 


p.109— Food Chains 
14.) rons ft mark 
1) Yee (F mark) 
£2) grsshoppor (¥ mar 
«) The population of grasshopeers cuts merous 
[1 mark a or’s nasty oot tore 
{mar Tha popsation of sabes cas 


1.110 — Using Quactat 
Q) 0.78 +4 3 btreuos par £4 markt 
£11200 « 9600 butrcups nol mark 


poll] —Using Meanseots 

Qt Aline usd to tp id et how oars are 
stioted across an area [¥ mar). 

{G2 Thay could mark ext ane mr048 he el, om 
‘ne comer the other [4 mark. Ther ty 
oud court al of te dandctons that ouch he 
lie £8 mark 

(3 Yul oul ealimate the parentage of the 
acest covered bythe organisms [¥ mark 


p-112 — Environmental Chango & 
‘The Water Cycle 
1 Any wo hom: 9g change in th avaablty 
of water a charge in tomperatre/»cnange 
in atroapherc gases [mark for each correct 
Answer up f9 2 marks] 
a2.) By evaporation /anspraton (4 mark. 
1) By prow the th ean war (4 mark) 


p.113 —The Carbon Cycle 

Qt NMicroorganismstéerius feeders break rem 
‘dowrigns them [1 mark. 

(G2 Gy ren plans and nigae im photosyresis 
mack 


p.ll4—Decay 

Qt On gen avait [1 mark, we ably 
{f mark] snc the number cf mrecrgansms 
sen 4 mark) 
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.118 —tnvestigating Decay 
St Rate 


(ate = 120 a 3.87 81 mark) 


P:116 — Biodiversity and Waste 
Management 
1 Tre varity of aera spac cf organisms on 
Earth of wits an econytom [1 mak] 


IIT Global Wenning 
‘Guba wang causes gre emperaivies, 
‘when cause ie o met and sonwate Yo expand 
[mark]. This coutes the sen ive 0 rise 
{mark wich cou ead 6 flooding ot 
Ir te bree te eae 
"mark 


1p.118— Deforestation and Land Use 
{G4 Toes lockup some of the carbon tat hey 
aber dung photon, 6 Fs of toes 


p.118 — Maintaining Ecosystems and 
Biodiversity 

1 Hedgerows and fold marpins can be 
‘einradsced around wine-<rop fl [1 mar). 
“Those provide 9 Rabat or saris tat 
ould oberwive be ane to ive me tea 
1 mors) 

2 _Brooding programmes teed endangered 
animals captvty to moke sue the species 
Srv if thoy he out in he wa (¥ mark 
Individuals can sonebe be velowved to 
‘ho wise boaet er w-etaben a poplin 
(mark. 


p.120—Trophic Levels 
G1 Thay secre onzyrs thal Eroak down he 
‘Send materia ro smal okt fod msec 


men 


p.121— Pyramids of Biomass 
G1 The vlatvo mass of ving materi at wach 
woh tevel in ood chal (4 mark, 


p.122—Biomass Transfer 

1 Any two rom: ag. ogartams dont always 
‘at every sie part of we organ Pere 
‘onsuring. | Oranisms oat aor ao ae 
‘mate ine food they ingest. 1 Seer of Ye 
Tamassia canveried mio otter substarces and 
‘eleasod as wane 
{Ti mark for each correct answer, upto 
2 marks) 

G2 110+ 995» 100. 11.1% (1 mark) 


p.183 —Food Security and Farming 

1 The movement of ivestock canbe ested 
{4 mark] ar 0 can B8 hep 
fenperatur-contaod enaturinens (4 mark 
‘This maar tat hay une loss energy mening 
around i cnioting es own boxy 
tomperture[¥ mark}. 0 mare enerpy 
‘ova for grout (¥ mach 


p:124—Riotechnology 

QI Agenwtcaty modi Hee crop (4 mark) Pat 
thas been genetically engrered e have W 
ghar ntronalvalua/produce m cnenca 
‘at converted i vaon An We body 
(mah 


A svexual reproduction 87, 89 bronehi 39 asification 104 

abiotic factors 107 apitin ST bronchioles 33, imate change 117 

abstinence 78 aia 34 Hunsen burners 127 «linica tials $2 

accommodation 70 axins 81, 82 «toning 100 

accuracy (of results) 5 ‘communicable discases 39, 46 

active ses 28 c ‘communities: 106 

active transport 22 B caffeine (effect on complementary base pairing 83 

adaptations 108 bacteria 11, 16, 17, 46, rewetion time) 68 computational models. 1 

adrenal glands 73, 80 “48,104 wen se concave lenses 71 

adrenaline 80 balances 126 capillaries 35 concentration gradients 20 

‘adult cell cloning 100 ‘bar charts 6 ccarbohydrases 30 ‘ceotheslons 9 

aerobic respiration 62 ‘barrier methods (af carbon eyele 113 ‘condensation 112 

allcles 91 ccontraceplion) 78 catalysts 28 ceondoms 48, 78 

alveoli 24, 33 ‘basal metabotic rate 80 categorie date 6 ‘Sbikaes ese 21 

ammonia 75 ‘behavioural adaptations 108 cell contraception 78 

amylase 29-31 Benedict's reagent 32 cycle 15 ‘control variables 4 

anaerobic respiration 62 benign tumours 41 division 15, 16 convex lenses 71 

ancestors 104 bins 2 elongation BI comeas 70 

animal cells 11 bile 30 membranes 1, 20 somerset Sh 

anomalous results 5 binary fisioe. 16 wally It ‘oronary heart disease 37 

anibiotic resistance $1, 103 binomial system 104 cells 11 correlation 7. 9 

antibiotics 51, 103 biodiversity 116-119 drawing 13 ‘coverslip (sides) 13 
investigating the effects of 17 uintenanee of 119 specialised 14 cuttings 82, 100 

antibodies 36, 49 biogas 114 central nervous system (CNS) ‘cystic fibrosis 93 

antidiuretic hormone (ADH) 75 ological heart valves 38 66, 67 ytoplasm 11 

amimicrobials 49 biomass 122 cerebellum 69 

antireoviral drugs 47 ‘biomass tansfer 122 ‘cerebral cortex 69 

Aatitoxins 36, 49 biotechnology 124 chlorophyll 1, $7 D 

gona 34 ‘otc factors 107 chloroplasts 11, $7 Darwin, Charles 96, 97 

apparatus 126 Biuret tes 32 cholestrol 37 decay 113-15 

Archaca 104 ‘lind studies $2 chromosomes. 15, 84 investigating 115 

aneries 35 boy temperature 72 Xand¥ 90 rate of 14 

anificial blood 38 brain 69 cilia 49 Adscomposers 120 

‘rtiftcial henrtn 38 ‘breathing rate 33 ciliary muscles 70 defences (of plants) $5 

deforestation 118 


Answers / Index 
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eletions (mations) 86 

dependent variables 4 

sens feeders 113, 

diabetes 74 

dialysis 76 

diaphragm (horas) 33 

diaphragms (contraceptive) 7 

‘ferentiation 14, 27 

Aifasion 20, 21, 23-25 

digestive enzymes 30 

Sigesive system 27, 31 

igralis St 

discrete data 6 

distribution of organisms 
Moz 

DNA 15, #4, 4S 


double-blind studies $2 
‘double circulatory systems 33 
drugs 51, 52 

development of $2 


E 
‘ecosystems 106 
‘maintenance of 119 
effectors 65, 66 
efficacy (of dup) $2 
‘electric heaters. 127 
‘electron microscopes. 12 
embryo screening 93 
cemirye transplants, 100 
‘endocrine system 73. 
‘endothermic reactions. $7 
‘environmental changes 112 
‘environmental variation 95 
‘enzymes 28-31 
‘epidermal tissue 42 
errors S 
sthene (in plants) 82 
‘ties (in investigations) 127 
Eukaryota 104 
eukaryotes 11, 46 
‘evaluations 10 
‘evaporation 112 
‘evolutionary tees 104 
‘evolution by naural selection 96, 
97, 102 
‘exchange surfaces 23-25 
exercise 63 
‘exothermic reactions 61 
‘extinction 96 
eyes 70, 7h 


F 

fairtess 4 

family (classification) 104 
family tees 92 

farming 123 

fay acids 30 
fermentation 62 

ferility. 78, 79 


fertility treatments 79) 
fight or flight response $0 
filtration (kidneys) 75 
Fleming, Alexander 51 
lowering 82 


food chains 109, 120, 124 
food poisoning 48 

food production 123 

foo security 123, 

fossils 101 

functional adaptations. 108 
fungi 46, 47 


G 
pall bladder 31 
‘gamete fusion 88 
gametes 87, 88 
gas exchange 24, 28 
Bas ytinges: 126 
gene pools 9K, 100 
gener 15, 84 
genetically modified erops 99 
ene 
dlngrams 90.95 
Aivorders 93 
nginoering 99, 124 
variants 86 
variation 98 
enomes #4 
senotypes 91 
wens 104 
eotropism 81 
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